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CHAPTER 1

Introduction.

The complexity of modern industrial and
governmental enterprises with the con;equent increase
in the quantity and complexity of managerial decisions
have made obsolete the traditional managerial methods
of planning and cost control% Thus manggement is turn-

ing increasingly to the newer scientific methods of

solving problems.

l.l Systems Concept and Modern Management.

Modern organizations are linked together in
complex ways. This means that not only are individual
organizations large and complex, but the systems formed
by the interlinked organizations which in turn form our
society are even more so. The complexity and difficulty
of managerial problems increase sharply with time. The
urgency to solve problems incrcases considerably, while
the risk of failure in problem solving becomes even more
apvarent,

There is a greater degrece of uncertainty in-
volved in the economy, so that the delincation of the

best alternative in any of the decision problems faced

. A SN can N PED TED GEE SNS WED MR My PO SUP SR G G SN Ay SN S — ———

1, David 1. Cleland, Systems Analysis and Project Manage-
ment., (New York, McGraw-Hill Inc., 1968). D.7.
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the manager is difficult than ever.l

.The management philosophy of the manager
must change with the patterns in management, for only
a philosophy which is developed on such a base is ade-
quate for today's complex management tasks.2 One major
idea lies at the root of the modern scientific approach
to management. The idea, the systems concept, has had
a substantial impact on both planning and execution func-
tions of management,

“he systems concept or view point is the sim-
ple recognition that any organization Zs a system, made
up of segments, each of which has its own goals.3 These
segments are interrelated and interactins forming a uni-

fied whole. Thus, a system is composed of a hierarchy

1. Stanley Young, Manngement : A Systems Analgsis. (Glen-

view, Illinois, ScOTL¥ Foreman and CO., 19 . D15
2. Richard A, Johnson, Jygtems Theory and Hanagement,
4anagemont 301enre (Tan., 1964), 8u.

3. Pebor P. uchodcrbek Managemert S’stem (ilew York,
John Wiley & Sons, Inc,, 1967), p. 79.
See also,
Edgar F. Hluse and James L. Bowditch, Behavior in
Organizations « A Systems Approach. %Phlll;pplnes,
Addison-Wesley Puplishing CO., INCe, 1973 ),
William A. Shrode, Organization and Ianagement :_Basic
Systems Concepts. (Homewood, I1l., R.D. Irwin, 197%).
D, Katz and R.L. Kahn, Common Chwractorlstlcs of Open
Systems, Systems ;hlnllnzq edi, by F.E. Emnerv, (Harmond-
sworth, Middlesex, Pcnguln oooks Inc., i96)).

Stanford L, Cptner, Systems Analysis for Business lianace-
ment . (dnglewood clit fs, Prentice-Hall, 1960),




of subsystems. That is, the parts that form the major
system may themselves be systems and thelr parts may be
systems and so on. For example, the world economy can

be considered to be a system, in which the various nation-
al economies are subsystems. In turn, each national eco-
nomy is composcd of its various industries; each industry
is composed of firms and so on,

The manager realizes that he can achieve the
overall goals of the organization,only by viewing the en-
tire system and seeking to understand and measure the in-
terrelationships,and to integrate them In a fashion which
enables the organization to effectively pursue its goals%

This means that, some functional unit within
an organization may not achieve its objectives, for what

is best for the whole may not necessarily be for each cor -

ponent of the system. Thus, when a wide variety of product:

are produced in relatively small cuentities, the performance

of the production department may be falling off, yet if this

leads to greater total revenue, because no sales are lost,

the overall impact may be positive. This simple realization

is the essence of systems vicuvpoint, which has led to more
effective management decisions,; and to organizing for the

efficient execution of decisions.

1. William R. King, The Systems Concept in Management,
The Journal of industrial Zngineering, (May, 1967),

P. 3_22'
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(a) Project Management,

The systems concept has caused revolutionary
changes in management. The example of this is the cmer-
gence of project management organization. It is based on
the realization that modern organizations are so complex
as to preclude effective management using traditional or-
ganizational structures and relationships. Traditional
philosophy is based on a vertical flow of authority and
responsibility relationships,and emphasis only parts and
segnents of the organization.l It does rot rlace suffi-
cient importance on the interrelationships and integration
of activities involved in the total array.

As projects become large and complex, top man-
agement cannot be expected to comprehend all the details
and intricacies involved in the management of cach activi-
ty. Thus the nced for unifying agent in these projects
motivates the development of a project type organization,
superimposed on the traditional and functional organiza-
tional structure.2

The project organization becories the structural

and authority framework, through which all the project

efforts are coordinated and intcegrated into the common ob-

jectives The project organization is not an indepcndent

l. David I. Cleland, op.cite.y " P.13.
2. Paul C. Goddis, The Project Manager, Harvard Business
Revicw, (May-June, 1969), p.l5.
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entity, it is part of a larger system.

The project manager or the unifying agent
may be defined as that -individual, who is appointed to
accomplish the task of integrating functional and extra-
organizational efforts,directed toward the development
and acquisition of a specific project.l

Project management provides the concentrated
mahagenent attention that a complex and unfamiliar under-
taking is likely to demand. Project management becomes
a logical approach to the project, speeds decision making
and cuts managements' job to a reasonacie level.2

(b) Emergence of CPMZPE‘RT:3

The modern organization, be it govermmental,
educational or industrial, is confronted with a continu-
ing stream of potential projects., The tempo and complexd-
ty of modern age projects requirc immediate answvers when
problems occur.

No other aspect of project management is so
essential to success as planning, scheduling and control.
The only planning techniques available were those which
had been developed for use in factories. These techniqgues

suffered from serious limitations as far as project work

S NS SES Sy SR GNP SED NS s GRS SN S end G Ghe G 4N GhE S Wy W6 Sup owe G5} Gus

1. David 1. Cleland and William Rr. King, Management : A
§ys£ems Approach. (New York, McCraw-lill Inc., 1972)a
Pel3.

2. WA, Meinhart and Leon ii. Delionback, ‘Project Manage-
ment, Academy of Managemmnt Journal, (December, 1964).
p-". . 2 OD .

3. Critical Path Method/Program Evzluation and “Zeview
Technique; see Chap. III, 3.2, p.3%,.




was concerned, Thus, analytical techniques have been
developed for the smooth functioning of modern complex
industrial society. This new approach to the problem
is called management science. It provides the tools
necessary for management to perform effectively. Manage-
ment science has developed network analysis techniques
to meet the needs of project management,

CPM ancd PERT are the acronyms for the
best known of these network based technigques. These
techniques are now the accepted methods of planning and
control in many organizations and are becoming widely
known and extensively uscd in many project type indus-

i #

tries and operations. Thesce technigues have becone

part of everyday language of industry. The amount of
literature on the technique has increased at an exponen-
tial rate. With CPM/PERT, the same data can be used with
any other procedure, (ec.g. Bar Chart, Gapntt chart) but
the results we may expect from these new technigues are

considerably improved and more useful.?

If we are to control a projecty, we must dcvelop
a working wmodel or a master plan, that will complete the

entire project in the least time, lecast cost and with

D I STM TR GED R GED GmE TER T SID EER TR GED GED SEP U0 SIS SN VED SES SN D TS G SN

l. R.L. Martino, Applied Operational Planning. (llew York,
American Managemcnt Associntion, 1964). p.ll.
2, Ibids, ' Pa53.




smallest degree of risk, The master plan must be dynamic.,
It must give us the ability to fulfill the following re-
quirements.l‘

1. Revising and updating it immediatelye.

2. Considering the costs of several alternatives.

3. Understanding and evaluating the effect of changes
without delay.

4, BEstablishing criteria for resource allocation and
scheduling,

5. Providing criteria for evaluating the accurancy of
estimates,

6, Taking notice of deviations between predictica and
actual result, so the level of management effected
moy take the necessary action,

CPM/PERT meets and surpasses all these require-
ments, From its inception in 1958, CPM/PERT has not only
aroused widespread interest in the business community, but
has also won acceptance by a growing segmnent of indﬁstry,
as ah improved management oand control technique.2

The range of application of these techniques
has spread like rippl=ss on a pool, embracing building,

civil engineering, and plant maintenance from launching a

-5

1. John Stanley Baumgartner E:gjgg%r%baaggggn&, (Homewood,
I11., Richard D, Irwin, inc., 1963). p.l4,
2. Peter P, Schoderbek, op.cit., p.4Ok.
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satellite to launching a new ice cream, from organizing
a major management reshuffle to organizing a stage pro-
duction, from planning a heart operation to planning a
new clerical system, from power station to pencil pro-
duction.l 1In short, the versatility of CPM/PERT concept
is likely to be benefit in any projects with a definable
beginning and a definable ending, (i.e. static type of
project) and which need coordinating. Such projects
have the common characteristic of being special purpose

or one-time through.

l.2 Purpose and Scope of the Study.

These techniques offer an integrated management
control system which is particularly suited to complex
projects and situations with plamming uncertainty. How=-
ever, the use of these techniques secm to be confined to
industrially developed countrices only.

There scem to have no systematic planning tech-
niques applied to industries and projects in 3urma. It
is even difficult to point cut that the traditional plan-
ning techniques are applied systcmatically.

The general feeling is that, these techniques

are not applicable in Burma, as many view the situation

— G S G G WS G G N G0N L S = ——

l. William D. 3Brinckel, Managerial Operations Research.
(New York, McGraw-Hill Co., 1969). p.l25.




too early for application., But, it would be worthwhile
to try out in a real situation and see if the complex
projects could be managed through the use of these tech-
niquesyand find out what are the conditions or factors
that actually pose as obstacles. If these obstacles
could be removed or controlled, these techniques would
virtually be contributory in the economic and industrial
development of Burma. To justify this line of thinking,
a search into the feasibility of the use of these techni-
ques would be appropriate.

This study is based on a library research of
current readings in Network Analysis techniques, and a
field research conducted at the Sinmalike Dockyard Cor-
poration and the Construction Corporation.

The Pyithu Hluttaw building project of the
Construction Corporation, the 500-ton oil barge cons-
truction project and lathe machinc ascenbly project of
the Sinmalike Dockyard Corporation are the three concrete
case studies undertaken in this rcsearch.

The 0il barge construction project and the lathe
assembly project of the sinmalike Dockyard Corporation are
tried out with CPM/PERT to find out whether these techni-
ques are applicable in the Burmese industrial environment.

In Pyithu Hluttaw Building Froject of the Construction

Corporation, as it is not yet possible for the trial
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application of CPM/PERT, only the study of the project
organization or the set up of the project team is made.
However, this study potrays the existing conditions for
project implementation, and indicates to a certain ex-
tent, the ways of implementing projects in Burmese in-
dustries, Although, time analysis, resource analysis
and cost analysis can be made with the CPM/PERT techni-
que, only time analysis is carried out in the case stu-
dies of the sinmalike Dockyard Corporation.

Emergence of CPM/PERT and "its applica-
tion in project managementhave been introduced in this
chapter. Significance of projects in planning develop-
ing countries is explained briefly in chapter 2. 1In
chapter 3, theoretical considerations on the methods of
CPM/PERT arce trcated in some detail. The existing envi-
roment for the implementation of projects in Burma and
the research proccdure of CPM/PERT application followed
in this study, are presented in chapter 4. Following
this, in chapter 5, the case studies undertaken at the
two Corporations are discussed in detail. The benefits
achieved from the above experiments, the limitations in
using these techniques, and thc rccommendations for the
successful application of these techniques are put for-

ward in the concluding chapter.
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CHAPTER 2

Significance of Projects in Planning Developing Economies

In developing countries, planning has been adopn-
ted as the main instrument of speeding up their national de-
velopment. Planning is essential in realizing national de-
velopment and it makes a development effort effective., Plan-
ning is followed by the formulation of individual project
plans. Each project is evaluated on the basis of its socizl
and economic values to determine the scale of development.
Thus the degree of success in erecuting the plans is deter-

mined in a large measure by the preparation and implementa-

tion of projects.,

2.1 Situation of Developing Countries.

Developing countries can be divided into three
categories,

The first category is made up of a large body of
poor states that would need time and technology to build
modern developed economies. The nations in this category
include countries like Malaysia, Taiwan, Singapore, South
Korca, Mexico and Brazil.

The second contains nations that have some raw

materials, modern economic infrastructure, trained techni-

clans and engineers, and thus could achieve self-sustaining
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economic growth. They need significant financial help
and special treatment by industrial aid to spur export
of their goods and imports of technology. This group
includes Peru, Liberia, Jordan, Egypt and Thailand.

The third category comprises countries which
are the glbbe's true basket cases, They have few easily
exploitable resources to sell abroad and most of these
countries are unable to grow enough food to feed them-
selves. The most notable countries in this category are
Ethiopia, Somalia, and Bangladash.

The three worlds comprise approximately 1725
million inhabitants.l

Agriculture forms not only thc biggest sector
in the economy of the developing countrics of South BEast
Asia, in terms of both manpower and output, but also the

basce on which the industrial and other economic super-

structure must be built., Over 60% of the people in these

countrices live on agriculture, and nearly one half of
the national product is of agriculture origin. In all
these countries, agriculture is clearly the most basic
industry for domestic consumption. It also supplies raw
materials for domestic industry, and makes the maximum
contribution towards an increase in export earnings.

If these things cannot be done at a time. when

countries are attempting to accelerate econonie

l. As cstimated in Time, Dec.22, 1975,
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development, there would be serious conseguences, such
as a sharp rise in'the cost of living, a strained or
increased pressure on the balance of payments, a slow-
ing down of the rate of industrial development or a
combination of both%
The share of manufacturing industry in the

gross national product in the developing countries of
South East Asid ranges from 5% (Ceylon) to 25% (China)%
In many developing countries, basic necessities such as

living wageg,decent dwellings, and schools for children

arcec out of reache.

2.2 Development Plans in South East Asiae.

Virtually every developing country has its
development plans for meecting the demands of increasing
population and for improving the ecconomic and social
conditions mentioned above,

Planning involves mceting rational choices
among feasible courses of investment and development
possibilities,on the basis of social and economic con-

siderations.3

1. Economic Development and Planning in Asia and the
Far Bast, Agriculture Sector, United llations, New
Tork, 1967, Da2.

2a Development Progrgmmin; Technigues Series No.2,
Formulating Industrial Developmcnt P Programmers with
special refcrence to Asia and the Far East, U.N.,
New York 1901, p.l.

3. Water Resources Project Planning, Water Resourccs
Series No.*l, United Nations, New York, 1972, p.ll.
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Wise cxploitation of natural resources calls
for careful and articulate planning, Valuable or uncover-
able riches have been scuandered due to lack of planning
or poor planning. Haphazard and thoushtless cexpleitation
of resources can be avolded through careful planning.

Planning for social and economric developnent
aims at the best utilization of human and natural resour-
ces to meet popular demand for inproved lcevels of living%

Agricultural deveclopment and industrial devel-
opment plans have beon adopted especially in developing
countries of South Bast Asia. In these countriecs, agri-
cultural develcpment aims at the economic and social ad-
vancenent of the population and productivity. Agriculture
is also conditioned by the development of other branches
of the economy, particularly of manufacturing industries,

The plans for industrial development in  these
countries are made to increase the stabvility of the zcono-
ny, to achieve a rapid srowth in nationnl income and %o
create skills and experiences, that will in the future lead

to more rapid incrcease in productivity and a more flexible

economy.2

The cobjectives of industrial planning

in
countries of South Cast Asia seer to have been derived

- — U —— S W T T GHD GE W WS e - - S -

1. Development Programming Technicues Series No,2, Ibid.,
P.106-
2. Ibid,,p.l2,
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from the overall objectives set forth in their economic
development plans. Improvement in the level of living,
expansion of employment epportunities, and attaimment of

a balance in international payments are the three object-
ives most commonly found in the plans of South East Asian

countries.1

2.3 Evolvement of Industrial Projects within National

Iconomic Plans.

In implementing dcvelopment plans, projects
for different sectors of the economy arc selected and

< : carried out to fulfil the objectives of the plans.

In theory, the identification, selcction and
preparation of projectsshould follow from an overall
national development plan which will have identified the
priority sectors and production targets, thereby provid-
ing the criteria for the selection of projects.

Although, projects are somectimes derived from
plans in this way, in practice they are usually selected
to meet identified specific needs, or to take advantage
of special opportunities - the presence of natural re-
sourcés or some other special circurmstances permitting
production of a commodity at a relatively low cost, or

the existence of domestic demand, either satisfied

1, Detailed discussions of the aims of industrial devel-
opment plans are given in Ibid., Chap.l.
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through imports, with cost sufficiently high to permit
domestic production.1

A sound development plan reguires a great
deal of knowledge about potential projeets. A point
has been made that good realistic plans can hardly be

formulated in the absence of a great deal of prcject

planning and propecr economic appraisal of projects.2

Cost benefit analysis is a method adopted

for the rational selection of investment projects from

B T

the financial point of view. The appraisal of a pro-

ject from the financial point of view is concerned with

projects that produce revenue. Of course many pr« jects
do not fall into this category - ec. highway projects
and educational projcetssy and the financial appraisal

3 of such projects differ from that of revenue producing
ones.. Although this paper does not primarily concern
with the project appraisal and selectiorn tcchnigues,;it
will be explained briefly.

In appraising the project from an economnmic
point of vicw, the following factors are considered .3
1. Whether the development of thc project in a

sector of the economy is likely to contribute

S AR ERL D e D G S G NS SRS GEp TS G| GEN G WSO SED TS GRS mmn SES SN S =D -

l. John A, King Jr., Economic Dcvelopment Projects and
) Their Appraisal. (Baltimore, Maryland, The Johns
& Hopkins Press, 1967 ).p.kWt.

2. lan M.,D, Little and Jamecs A, liirleas, Manual of In-

dustrial Project Analgsis in Dgveloping Countries,
Vol, 11. (OECD ,1969 )e p.56.
3. Thgse factors are adapted from John A, Kine dr.,0p.cit.,
4 p. °
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significantly towards the development of whole
economy .

2. Whether the project is likely to contribute effec-
tively towards the development of other scctors.

3. Whether that contribution is likely to be large
enough to justify the use of the quantity of
scarce resources that will be needed - invested
capital domestic and foreign, management talent,
skilled labour and the like.

A1l project proposals define and precisely
state the objectives, Any project regard.ess of its
size, field and technological basis is an integral part
of long range national developnent plans. Every projcct
contribute directly or indirectly to the economy. ege.
Pecsticides plant project can control cpidemic discases
and pects,and promotc agricultural yields. Increase in
crop ylilelds will certainly increase both the national
income énd foreign exchange carnings. More agricultural
Yields mean more agricultural rawv materials for the ex-
isting and future agrobascd industries., Hence agricul-
tural and industrial sectors arc naturally promoted.

Dam projects can provide power generation, irrigation and
transportation facility which contributues to regional

development,
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The evolvement’ of projects in economic plans
is in such a way that the projects which are formulated
must be in line with the short and long term plans to
achieve balanced growth. 3uccess or failure of plans
depend upon the projects meeting of due dates. Hence

plans require projects,

2.4 Development Plans of Burma.

Like other developing countries of Asia,
Burma depends upon agriculture., Generally, production
in Burma is characterized by age-old technigues and ca-
pital cquipment is relatively limited.

The economy of Burma had been creatly disrup-
ted by world war II, that in 1946, approximately half of
Burma's national capital was destroyed.® Thus in 1952,
Pyidawtha Conference was held by the Government to dis-
cuss and pass ten large-scale plans for the welfarc of
the people and for the crcation of a hew state. These
plans comprised of agricultural and rural development
five-year plan, housing plan, transport and communicat-
ion plan and education plan among other things. Agricul-
ture and rural devclopment five-ycar plan included commo-
dity projeets (rice, groundnut, cotton ctc.) and subsidi-

ary projects (Irrigation, agricultural, fertilizer, etec.).

DY WS W D SR T G NN G S G S SEA SN G G G0 WD S SR Gen S S -

1. The Pyidawtha Conference, Aug. Y4-17, Resolution and
Spceches, 1952, p.3§.
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This program was made with the view to make Burma self-
sufficient in commodities and to increase agriculture
production.l

During 1956-~57, some 1680 commercial projects
were cbmpleted with the help of Pyidawtha grants in 192
districts.2 The Industrial Development Corporation,
which was founded in 1952, under thc Industrial Develop-
ment Act of 1952, completed many projects during the
eight years time, including Namti Sugar factory, Pyinma-
na sugar factory, Okkyin jute mill, Ywama Insein Steel
mill, Thayetmyo Cement factory cxtensiown prcject, and
Thamaing Cotton Spinning and Weaving factory.3

Also in l9§h, an cconomic and social develop-
ment plan for six years was adopted. This plan included
many projects to be implemented in major sectors such
as, agriculture, transportation, power, industry, and
the like, with an aim to creatc an cconony, capable of
dynamic growth for the indefinite future.

The first development pian of the Revolution-
ary Council was launched in 1966-67 for four years. This

plan was to increase the value of gross output by 5% a

l, Ibid., p.23,

2. Burma, The Thirteenth Anniversary, Vol.X, No.l, Jan.,
1951, p.03.

3. Burma, “he Tenth Anniversary, Vol, VIII, No.2, Jan.,
1958, p.19.
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year, per capita consumption by 4% and investment at an
average rate of over 15% per annum.t Priority was given
to modernization and diversification of agriculture, al-
though emphasis was placed on the expansion of industries
particularly with use of domestic raw materials.2

The first four-ycar plan of the twenty-year
long terms plan was launched from 1971-72 to 1974%-75,
with the objective to improve economic conditions and
overcome economic illness at present and in the future.3
Some ma jor projects which have been completed during 1966
to 1975 include the Kyunchaung fertilizsr plant, the
Paleik textile mill, the Sittang Paper }ill, the Pokokku
Cigarette factory, the Kyetmauttaung irrigation project,

the Salai fertilizer plant, etc.

2.5 Experienccs of Developing Countrics in Proiject

Managemente.

Information on the techniques used to imple-
ment projects in developing countrieso-renot readily avail-

able, In most developing countries there seer to have

- e e e RAp TS G S NS Y G S Sup Sy Sy Gy G ENS S NS S Son SES

1. The Far East and Australasia, A survey and Dictionary
of Asia and the Pacifiec, London, Europa Publications
Limited, 197®. p.398.

2. Ibid’ p0399¢

3. Summarised Report of the seninar on the short term and
long Term FEconomic Plans of the Union of Burma, 1973.

e

(in Burmese), p.ll.
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no systematic method applied in project management |
Traditional planning technigues such as bar chart, Gantt
chart, and flow charts seem to be in'use often, but not
as a true tool of management. The literature on network
plamning techniques have been introduced theoretically
and informally within industry, but never been used
practically.l

Developing countries encounter similar prob-
lens and shortcomings in the course of industrial devel-
opment projccts in general and introducing and applying
network analysis techniques in project nanagement in par-
ticular,

Network analysis techniques have so far a
2

rather limited application in developing countries.

As a very useful - project management tool onc would

- think that it is widely accepted and applied. But there

are a nunber of factors which discredit these techniques
and hinder their further application in developing coun-

tries. Main factors may be stated as followse.

l. Burmese industrial managers by and large arc acquaintcd
with FPlanning and Control Techniqucs such as CPM/PERT,
but still lack the practical expericnce in general.,

2. H.J.M, Lombaers, edited,Proiect Flanningz by Networ% %Qggmﬂ@,
(Amsterdam, London, Nor%h Holland Publishing Co,., 9)e

p'SSo
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(a) Lack of Well Prepared Feasibility Study of Projects.

Rapid rates of industrial growth are frequently
not backed by well studied and prepared projects to achievec
the targets for which network technigues are to be used to
programme, ccordinate and control their implementation.
Even with well conceived proiects and well prepared feasi-
bility studies, time may have elapsed for some reason or
another, such as in sceking financiers, betwzen the comple-
tion of a study and the commencement of the exccutisn of
the project, during which many reclcevant circamstances arc
likely to have changed. Since the work requirecd in imple-
menting the project should be based primarily on the fea-
sibility study, in many developing countries, project im-
plencntation is based on unrcalistic technical paramcters
and c¢stimates and hence entail interruption of work, alter-
2

ations and increase in costse.

(b) Reluctance of Top Minasgcment to Apply MNew

Technigues.

The results of a recent survey indicate that
one of the significant problcms asscciated with the net-
work technique is due not to the inandequacy of the techni-

que itself, but rather the failure of management to. gifn

e s WL S AN GG LS N G e G G G G Sy S S e g — — ——

l. Water Resource Projcct Planning, op.cit.,p.210.
2o HoJ M, Lombaers, op.cit., pe55.
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its acceptance.l

Duc to lack of reliable irformation, which
would have identified the existing problems,or to the
fact that top management is not-acquainted with these
techniques and with their capabilities in saving time,
resources, and costs. that will result in aponlying them,
top management might claim that current programming and
control practices so far used in project mnanagenent
are satisfactory.2

Furthermore, project management may develop
an aggregate project implementation neswork after it
puts the project into execution,with no further detail-
ed programming, This may be due to two reasons. The
first is that project management might be under pressure
from the industrial development agency or some higher
executives to start the project immediately for some po-
litical reasons. The second is that owing to top masnage-
ment having inadequate knowledge of these technigues,
they may have no appreciation and enthusiasms for these
techniques.

(e) Tack of Qualified Personnel.
. Because of the shortate of well gqualified

|
personnel who can develop the correct locic of the

S G D B Bt Gl D B G Pt S P Bl W T Bkl Bt D Bl G Bt Wt WP D Wt D

1, Ibids, P56
2. Peter P. Schoderbek, Manggement Svstems. (llew Tork,
London, Sydney, John Wiley & Sons, Inc., 1967),.,p.4Ok,
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strategy of the project nd provide rellable estimates
for dctivity parameters, foreign consultants are being
called upon to assist in preparing and programming pro-
ject implementation.l As many of them are not well ac-.
quaint~d with the local conditions, the schedules they_
develop are for the most part based on unrealis-
ble estimates of time durations.

Those who have not been used to these tech-
niqﬁes before may fear that the top management may adopt
tight control by using detailed programming achieved
by them? Thus théy may be unwilling c¢c provide hicher
management with a detail plan or even carry out any de-~
tail plannhing,

(d) ILnadeduate Proiect Organization.

One of the major problems which deters the
effective application of network analysis techniques
in project planning aild control is the lack of adequate
organization, well staffed and equipped not only to pro-
gramme but also to coordinate and monitor implementation
process.3 llal-orpanization, imarop-r assignment of the

responsibilities, duplication of functions, lack of co-

ordination between the parties participating in implemert-

1, iater Resource Project Planning, op.cit., p.212.
2, Peter. P, Schoderhek, op.cit, p.k07.
3. H.J.M, iombaers, op.cit., p,55.
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ing the project, inadequate progress reporting and follow-
up are evidentin most cases.

The information collected is for the most part
sketchy and most of the progress reports are qualitative
rather than quantitative, which can be interpreted in dif-
ferent ways and which are of little wvalue to project moni- |
toring.l

Since conditions change in the course of im-
plementation, a project implementation schedule that was
originally well prepared may cease to be so soon after |
its execution has started,if there is no reliable infor-
mation available for updating. Work is then performed
according to schedule which has ceased to be valid or as
if it had not been programmed before, and hence problems

are only recoghized when they occur.

(e) Inadequate Financial Assistance.

Within any country's development program,
various kinds of project compete for funds from the
budget. If required investment outlay exceeds av-:ilable
resources, the projects are subjected to a critical ex-
amination and the total is reduced by use of priority

considerations.2

1, Thid, p.57.
2. Government Budgeting and Egogomi% P]aﬁging in Develop-
ing Countries, U,N, ,llew York, 1966, p.k2.
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In many developing countries, there are lorng
delays in obtainine financial approval for development
program, TForeigh exchange is also required to finance
imports needed for the projecté and includes such items
~as raw materials, machinery, and spare parts. ©Sufficient
fund is needed for a project to be completed on schedule.,
In most developing countries, sufficient budget might not
be alloted for the projects on time, which the network
planning techniques have been applied to contrcl their
implementation, thus causing disturbances of work, and
the progress of the projects will be out of schedule or

plan,

2:.6 The Need for_ Sound methods of Rroject Monagement.

A project is a plan which is dcemed necessa-
ry in the development of a country's economy and utiligz-
ing the resources of a countrv to the fullest possible
extent. A project is a scheme to be implemented and has
definite starting and end points. It is a one-time
effort. As such, a project has to be implemented and
completed within a definite period of time, in relation
to overall development plan of the country, Thus effecc~
tive management of project is a prerequisite, Zffective

project management requires sound project planning

ey W
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ahd control techniques to overcome the problems and short-
comings, in the céurse of implementing development projectg,

On the other hand, no matter how well-concei-
ved and formulated, there is no project that can yield
satisfactory results if there is a serious failure in in-
plemantation,

The planning anhd carrying out of a proiject is
a challenging task., Coneurrently, modern tusiness and
modern technology are so complex that more and more plana-
ing and more and more time are bcth necded before a projert
can come to its successful end.L In order to accomplish
the project tasks efficiently, project management mst plan
and schedule largely on the basis of experience with simi-
lar projects.

No proper plan however, works out smoothly in
practice, even if it is perfect theoretically. Unforescen
delays, unpredictable constraints and other unknown factors
can effect the smooth operation. This warrants for an
effective project management system, which on the basis of
actual progress of werk, reviews the current procedurss and
forecasts the future requirements of the job, so that the

work may be successfully completed.2

D e e G P B G S A G D G G S D G T G S B ) S — - — -

l Ib.del Pe 30
2. Reporc_of the seminar- cum-study tour on_load 4 ggtgb
techniduges and application of com hno

bower svsicm ens ing oproblems, Unated Nations, Ifew
fork, 1970. p.182,
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The need for sound methods of project ma=-
nagement in devcloping countrics is. a2lso mentioned in
the report of the Inturregional Symposium on Industrial
Projcet Evaluation as follows :

" Integratecd implementation of development programs pre-
sented a difficult problem for the developing countrics
and this had nhot been given attention'.
The follow-up of approved projects in developing coun-
tries have been impeded by difficulties in the imple-
nentation of projects, in the form cf delays 1in the
planned time-schedule and overruns in costs. Ore of

~the most effective merans of overcoming these Aifficuli-
ties, 2nd reducing cost and time in the implementation
of projects lies in the use of network analysis techni-
ques, including €ritical Path Method in planning and
implementing projcets.”

" The concept of providing every industrial pro-

gram with a tentative implemcntation network plan
be further explored. Such a plan wculd provide the
vehicle for smooth follow -up and supervision after

completion of the feasibility study and evaluation of
the project."
1

Marther research in this field is needed preferably

with the help of pilot studies of the actual use of
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such methods with a view to finding out its opera-

tional feasibility in developing countries."

As the successful implementation of sound
projects is of great importance in the industrial de-
velopment of developing countries, the need for sound
methods of project management becomes paramount.

Two well iknown project management methodsor

techiniques are explained briefly in the next chapter.

e N

s W
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CHAPTER
Methods of Proiect Management.

Most of the troubles that confront project
management on the way to completion of the project are
traceable directly to faulty planning. Probably, more
planning effort is devoted to developing schedules,
than to any other planning tasks, since it is the task
most obviously needed, Planning and control. based upon
schedules are the essontials of projeet managomcnt% Two

typcs of project managencnt techniques cre as follows,
3.1 TIraditional Planning Techpidues.

Three well known traditional plannins tech-
niques, which are the forerunners of network analysis
techniques are, the Bar Chart, the Gantt Chart and the
milestcne methods. |

Bar Chart method was devcloped in 1917,

Bar charts are widely used and popular because they
are easily read and thus an excellent form of communi-
cation,Bar Charts show duration in time. Each bar re-
presents a succession of activities performed by one
man, one team or one machine only. There are ho cross-

connectiong to show directly how the timing of one man

S G it Sl Gl EED S P GEE) G WD D CEE WD SR D G G G ) AP GG w=t G o=y

1, John Stanley Baumgartner, op.cit., p.l3.
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or machine depends on the others, so the sequential re-

* lationship 1s not completely prescribed.l

As an example,the inadequacy of Bar Charts
mey be illustrated : in Fig., (l).

A Bar Chart is quite adequate for planning
a project which contains only eleven jobs, and the mis-
takes incorporated in the Figure, would not escape the
eye of an experichced man, The mistakes in this figure
are.<

(1) The chart shows an interval of two hours between
dismantling the heat exchanger and renewing the
tube bundle whereas the latter job could begin
imimediately after the former.

(2) The spreaders in the reaction column cannot be
replaced, until the column has been completely
dismantled and so the plan is calling for the
replacement of spreaders two nours before it
can possibly do so.

When ohe thin4s of a project made up of
hundreds or even thousands of jobs, one finds it to
accept that lapses of this sort go unnoticed, that

wrong deductions are made and that wrong priorities

1. Albert Battersby, let 13 for P

x and Schedullinge 2n (London, Beccles, Willianm
Cowes & Sons Ltd., 1967). p.7.
2. Ibid, p.8.
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are assigned in consequence.l

The Gantt technique was developed by Henery
L, Gantt in the late 1800ss The Gantt chart is basical-
ly a bar chart, showing planned and actual performance
for those resources that management desires to control?
In addition, major factors that create variance (i.e.
over production or under production) are coded and de-
picted on the chart, This method is usually applied
to highly repetitive production operaticns.,

The milestone method is the refinement of
the Gantt chart. It was developed after world war II,
In ofder to obtain a more detailed view of program
status, individual milestones are called within each
horizontal bar on the chart,3 The milestone method is
usually applied to development projects,

Traditional s cheduling methods of which the
afore mentioned methods are included, have limitations,

f

when they are used to control one time projects.

l. James J, O'Briecn, edited, b i andbook. (New
York, Mcgraw-Hill Boolk Co.., 1969). p.299,
2: P.d, Bengan, Erg%gggngg Networks for Proiect Plann-
in Control. (England, McGraw-Hill Book Co. .
ﬁg_a.ud_ ) s 1972)
a. Ibid, p.9
o David I. Cleland and William R, King, Svstemg,

Organizations Analy meht : A Bo
iﬂgﬁp iNeW York, McGraw-Hill IHC., 19 9 * p.338.

i



3 ‘

l. These techniques use time as the basis, against

~ which the plan is drawn. They are therefore only
applicable tc where time estimates can be made
with reasonable accuracy., This is generally only
true of a production situation and not in a one-
time project, where times are often educated guess.

Zu Large projects composed of many interrelated acti-
vities and the Gantt chart or the milestonc
chart that attempts to detail these becomes un-
manageable and unreadable.

3. No chart is capable of depicting all the dependen-
cies of gctivities upon each other, It is not de-
tail ecnough to permit early detection of slippages.

4. Wone of the methods described, is truly capable of

distributing resourccs or of controlling costs.,

In the light of these difficulties, project
management requires a tool that will btetter allow it to
program, schedule and control large projects, in all the

aspects of time resources and costs.

3a2 Networlk Analysis Technjaues.

Various industries in developed countries
have for sometime been exploring and testinzg new manage-
ment methods of planning and control, with a view to

increasing their efficiency and shortening the time

]
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required to complete projecté. From the myriad experi-
ments has emerged a series of Minagement Science or
Operations Research techniques based - . upon networks.

Network analysis is a useful tool that pro-
duce models for planning scheduling and controlling
projects., In networlk analysis, a model is represented
by an grrow diagram,

In network analysis planning and scheduling
are completely separated.

The technique provides a means of reprecent-
ing graphically the different operations tnat make up a
project, showing the logical sequence of work and the
dependency of each operation on the others and on the
whole project.l This is the planning function.

The scheduling function is performed by
assigning time estimates to the operations, so that a
work programme can be nroduced giving starting and fi-
nishing dates for each of the operations and the whole
project.2

Some representcatives of the forms of e t-
work anrnalysis techniques are3

l. PERT (Program evaluation and Review Technique).

1., R.L. Martino, Critical Path Network. (Wayne, Pennsy-
lv%iia, Management Development Institute, Inc., 1967)

. Ihid., p.13.

3. Richard I. Levin and Charles A, Xirkpalrics, Plpnnips
and Control with PERT/CPHM, (New Yerk, Merraw-Hill Inec.,
mejo . p' ]'52
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2., CPM (Critical Path Method ).

3. LESS (Least Cost Estimating and Scheduling System).

4, RAMPS (Resource Allocation and Multi-project Schedul-
ing).

5. SCANS (Scheduling and dontrol by Automated Network
Systems ).

6. PACT (Production fnalysis Control Technigues).

7. TRACE (Task Reporting and Current Ewaluation).

8. CPPS (Critical Path Planning and Scheduling).

9. TOES (The'Trade-off Evaluation System).

10, MPACS (Management Plannine and Control System),

However, the two main contenders for the

gengric title are CPM and PERT.,

| CPM was developed by James E.Kally and Morzan
RsWalker for dupout de Nemours and Co., and was first app-
lied on large scale in 1957.

PERT was developed by various military and
civil teams for the U.S. Navy, particularly for progress-
ing the Folaris Missile Programme in 195E,

This paper will deal with CPM and PERT, the
best known of these network-based technigues. It is
first necessary to describe what the methods really are

and how they should be usecd,
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3.3 IEssentials of CPM and PERT,

Before analysing CPM and PERT in detail, it
is necessary to understand the two basic essentials of
these techniques :

(a) Basic concepts of CPM and PERT,
(b) Network or the arrow diagram,

(2) Basic Concepts of CPM and PERT,

Whichever method is used, (CPM or PERT) a
working model of a project is developed, from which a
‘realistic schedule can be prepared.t Ii is import-nt
to understand the basic concepts which are common to
both CPM and PERT,

(i) Event.

An event is a milcstone in project progress;
it represents a specific accomplishment and takes place
at a particular-instant of time.2 An event does not
have any dimension in time or e~ffort; synonymous are
"noie! and "comnector". The normal symbol used to re-
present an event on the network is a circle but other

shapes arc also employed. For example,

O A O
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l. R.L. Martino, Critical Path Networks, op.cit,_p.3.
2. James J, O'Brien, op.cit., p.il, .
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Different symbols are somctiiies used on the same network
to indicate different areas of responsibility,and the

size of the event symbol is sometimes varied to emphasize

the relative importance of certain events.l

(i1) Aetivity.

An activity is an individual operation in the
project and is represent by an arrow, the length and slope

of which are not significant.2

An activity represents
what is to be done between the achievement of any two
events, these events being known as preceding and suc-
ceeding events;3 Activities make use of time and re-
sources, this time being called the activity durztion.

Commonly used terms -synonymous with "activity!" are -

"task" and "job",

O Activity descri pb‘.or@

preceding succeeding
event event

l. H.S. VWcodgate, Planning B Network. (London, Business
Publications Limited, 1964). p.30.

2. K.G, Lockyer, An Introduction to Critical Fath Analvsis.
(London, Sir Isaac Pitmen & Sons Ltd., 1967) , p.12.

3. F de R. Ha James J. O'Brien, op.cit., p.19.
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(iii ) Dummy Activity

Dumny activiticsare used to show the depen-
dence of one event on another, where no resources are
required and no time is taken between the events. It

is also called a dependency arrow. Jummies are repre-—

sented by dashed line arrows.

g mmna ot D —

Fig. (3) Dummy activity,

(iv) Barlicst Event Timc.

This is the earliest date by which it is
possible to start or finish the activity. It is ob-
tained by summing the duration of the activity along
cach path of the network commencing at the first acti-
vity. Where two or more paths of activities lead into
a common event, the largest of these surmations is

taken as the earliest event time.1

(v) Latest Event Time.

This is the latest date by which it is

possible to start or finish the activity without delaying

T G e U e GEs G GRS D G N G A GED Gl M e Gah GER SED Suo S Smn NS SED S Swm

1. M,H. Chambers, M.H. Cullum, W.I, Morrison, Network
Analysis and its application, Transactions of the

Ro%al Institute of Naval Architects. (vol.i(ﬂ, 1965) .
po e
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the finishing date of the project. Working back from
the completion time of the final activity the latest
event time for each activity is calculated By subtract-
ing the activity duration from its latest event time.l
When two or more paths lead to a common event, the smal-

lest of these is taken as the latest event time.

(vi) Float or Slack.

Float time is to an activity. as slack time
is to an event. Float is a measure of the maximum amount
- of time an activity can be delayed with:uvil affecting the
completion date of the project.2

Slack is the amount of leeway available to
aﬁ event and is derived from the difference between the

carliest and latest dates for the event.

(vii) Critical Path.

Any paths from the start to the finish of a
project which contains only jobs with no float is called
critical path and directly affects the total project du-

ration, i.c,., it determines the length of the project.3

1. H.S. Woodgate, op.cit., .p.l10l.
See also,
James I, O'Brien, op.cit., pp. 38-kL42,
Albert Batersly, op.cit., pp.28-29
2. H.S, Woodgate, op.cit., p.109.
3. J.A, Cannthers and Albert Battersly., Advanccs in

Critical Path Methods, Operations Research Quarterly.
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Identification of the critical path is the main feature
of CPM/FiRT,

The activities along the critical path are
called ecritical activities. If any activity along the
critical path is delayed, the entire program will be
correspondingly delayed. Management can devote resour-
ces to those activities along this path, in an effort
to reduce the time requirement and thus shorten the

overall program.l
(viii) Rules for Constructine a Networt.”

There are a number of important rules con-
nected with the handling of events and activities on a
network, These rules must be followed in order to main-
tain the correct form of the hetwork.
Rule 1, Pach activity must have a predecessor and suc-
cessor event. Sinmilarly, each event must have
a preceding and succeeding activity.
Rule 2. No given activity car. be followed by an activi-
ty path which leads back to that same activity.,

b e R R T B L T I P B T P pp—m—

l. Ibido, P.379.

2. These rules are adapted fronm -
Robert W, Miller, Schedule Cost and Profit C o]
with PRRT, (New York, licGraw-Hill, Inc., 1983),
bp.33-38.
Albert Battersly, op.cit., pn,10=-15,
H.S. Woodgate, op.cit., pp.29-39.

R,Li, ¥ Critical Pot! etw rks

e g




Rule 4.

Rule 5.

L2

This is called looping. see Fig. (),

e

Fig,(4)

4 dangle should not occur in a proverly drawn
network. A dangle is an event that has either
no activity going into it or no activity going

out it, In Figure (5) A and B are called dang-

No. sinnle job may be shown more than once in
an arrow diagram,

A conmplete arrow diagran should have only one
point of entry and one exist, But in case of
a considdrably complex project, there may be
more than one point of entry or exist.

No activity may start until its predecessor
event is completed; in turn,no event may be
considered complete until all activities lead-

ing into it have been completed,

i
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Rule 7. A wide variation in the length of the arrows
should bc avoided. The angles between the
arrows should be kept as large as possible;

see Fig.(6),

7

Fig. (6)
There should be left to right compOnant in

each arrow; Fig.(7).

b oA

Fig.(7)

Unnhecessary dummies should be avoided; see

Fig. (8),

O~

Fig, (8)




(i~) Network Elemgnts,
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A listing of diagrams, which appear again and
\ again in arrow networks is given in Fie. (9), together

with their interpretation.l

Network representotion Interpretation.

Job B cannot start until Jjob

;

A is completed,

E cannot start until both

@
m
Ly

\TO

C and D are completed,

F must be conpleted before

either G or H can start.

Both J and X must be comple-
ted before either L. or M can

start.

Both J and K must be comple-

ted before M can start., L

depends only on J not on K.

Fig. (9)

R S e Gl bt S B Bl S G G G GO G Al WGP LS NS G D el G s

1. L.R, Shaffer, J,B. Ritter, W,L, Meyer, The ngtig%l
Path Method, (New York, McGraw-Hill Book Co., 1963).
P.9.
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(b) Network or the Arrow Dingrari.

P

The network is composed of a series of connect-
ed arrows to describe the interrlationshiv of the activi-
ties or events involved in a project.l The arrows are
connected in a logical sequence and according to logical
relationships to indicate the flow of work from the begi-~
nning till the end of the project.2 The arrows usually
flow from left to right, but without reference to a time
scale. This becomnes the basic working document for plan-
ning scheduling ahd control. In applyiag CPM/PERT to a
project,arrow diagram is the first and most important
phase.

A network provides the following.3

l. A disciplined basis for planning a project.

2. A clear picture of the scopz of a project,

3. A method for evaluoting goals,

4, A means of prevcnting omission of activities that
naturally belong to the project.

5. A definition of the responsibilities of the va-
rious groups or departments involved.,

6. An aid in refining the design of a project.

D G ST Bl B S e G S G G D el S G G Gl G S ——

l. Jomes J. O'Brien, op.cit,, p.lk,

2 Bl u% tlartino, EDDLAQQ__DQEA_LQQQl__mQQQAQ@J op.cit.,
pP.l

3. HYater Resource Project Planning, op.cit,, p.210.
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To provide these, the network must be a techni-
cally accurate representation of the plan to be followed,

and it must be intelligible to those required to examine
1
it.

(1) Network Construction.

A network may be drawn in two ways. One can
start at the beginning of a project and draw the acti-
vities which can follow immediately after the first ac-
tivity has been completed, and so on until the firal
activity is reached,

Alternatively, one can start at the final acti-
vity and working backwards,draw in all the activities
"which must be completed before this final one can take
place and continuc - in this way until the initial acti-
vity is reached.

Networks are usually drawn with the project
start event in the left and project ead event on the

right,

(ii) Numbering the Network.

There are two ways of doing this, either ran-
domly or sequentially. - To nunbsr a network

sequentially in ascending order, all of the network

S S G Bt SR Pt G POl Sach Gl T G B 5 Betl) Bl S WD WD Sl W D S e




L7

start events arce located the lowest numbers 1in the range
s and then events are numbered progressively from the net-
work start events to the network cnd events.l To obtain
a humber sequence in descending order, this procedure
cah be reversed by starting at the network cnd events and
working back to the start events. However, networks of-
ten need alternation and it is tedious to renumbea the
whole network whenever additional event is added. The
most compromise plan is to leave the eveat nurbering un-
til the last possible moment, number events sequentially
and as evitable changes occur, introdu.e new evente as
random numbers.2

Alphabetic and/or numeric characters may be

used in numbering the events.

¥ (11i) Event Oriented Network.

An event oriented network is exclusively con-
cerned with the achievement of events. in such a net-
work czach event is #iven a clear alphabetic description
in addition to the event number. Event only networks
are genherally used @n early stages of project planning,
when the exact work conten: is not sufficiently defined

to apply meaningful descriptions to specific activities.3
l, James J. O'Brien, op.cit., p.22.
. 2, H.S, Woodrate, op.cit., p.b66.
3. Dan A, Bawly and Joseph M. Dotan, Using PZRT in
Accounting Reports, Management Services. (July-Aug,
].97@. P . 3]— ™ ;
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The statistical calculations concerned with the probabi-
lity of achieving event scheduled dates are normally

associated with event oriented network.l

- — -

Activity oriented network is specifically con-
cernhed with activities and each activity has an activi-
ty number and carries a description. Activity-oriented
networks are used extensively at the workine level of
project execution.

It is possible to construct ana use a network
which contains full information rerarding both e vents

and activities.2

Y4 The Critical Path Method (CPM).

CPM is a powerful, but basically simple tech-
niquc for analysing planning and scheduling large com-
plex projects,

The characteristics of CPM are,3
1, It is useful at various stages of project management

from initial planning to scheduling and controlling

the jobs,

- - S S Sl B B St WD et | B o o G S G St e § Wt G G Gt et g

1. Robert W, Miller, op.cit., p.39
2. P.J. Burman, op.cit., p. 124,
3. F.K, Levy and G,T.. Thompson: The ABCs of the Critical

PaESBMethod, Harvard Eusiness Review. (Sept.-Oct. 19£3).
Pe . -
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2. It displays the interrelations in the complex of jobs.

3¢ It is explainable to the layman by means of the pro-~
ject graph,

Y, It pinpoints attention to the small subset of jobs
that are critdical " to project completion time, thus
contributing to more accurate planning and more pre-
cise control,

5. It enables. the manager to study the bottlenecks that
might result from shoréening certain critical Jobs,

Because of the above characteristics of CPMN,
especially its intuitive logic and graph appeal, it is
an ald to management, which can find wide appreciation
at all levels of management. The underlying simplicity
of CPM and its ability to focus attention on crucial
problem areas of projects make it an ideal tool for the

manager,

(a) Time Estimates.

The time dimension used in CPM is the project
time, Any convenient time unit can be used, but it must
be consistent throughout the network. The unit usually
used is working days. In estimating activity-time dura-
tions, the approach is to consider the amount of work to

be done and the crew size anticipated and to convert this
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into a reasonable project time requirement.l
> _ Time estimates are important as they form the
basis of the analytical operation carried out on the
network, Absolute accuracyv is wvirtually impossible to
achieve, and it is inevitable that some individual time
estimates will contain errors. Dividing projects into
many separate activities affects some localizstion of
these errors by offering a large number of gmller oper-

ations to the estimator.2

(b)_Time Analysis of the Network.

Time analysis gives monagement the ability to
plan projects on a time basis and to ensure that sound
schedules are preparcd. Time analysis is important,
because o finite time limit is a common characteristic

i of every project.

Activities and events involved in construction

of a house are given in table I.

We can analyse the logical sequence of these
activities or decide what other activities must necessa-
rily be completed before it can be started.

Obtaining bricks, obtaining roof-tiles and
preparing foundation can be done concurrently., Roof can

B St S S e D et S b el o G et St Gt e il Bl B S B D i ot

1, James J, O'Brien, op.cit., p.37,
A 2, H,B, WOOd“ateg op.clt., D.97,
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Table I
!ActhIQTACthltY 'Start- nFlnishlnguEstimated days r
' Description ing ' Bvent 1 for completion.
' | i Event ‘ f
'— ------ R —  NE—— | AR —— FHE———— 1
, :
| | | |
i A : Obtain Bricks i 1 3 | 3 '
B |obtain roof- | |
!tiles {1 5 ! 12
C | Prepare !
|foundations L L 2 ! 7
, !
D ‘Erect Shell '3 L | 10
] | '
B iConstruct roof | 5 7 i L 5
: i i X
) §Lay drains | B 6 ? 7 |
| s
G lWiring ke 7 | 10
i ! r
H iPlastering | 7 9 | 6
4 ‘ ! ,
I ' Plumbering 6 | 7 ’ 12
! : l |
J \Flooring 7 10 ;
i i i
K ‘Landscaping I 8 .10 | 2 :
’ ! : |
| ¥ iPainting and ! | |
cleaning 10 ] 11 : 6 :
M iDoors and ! | i |
i FlttlnF 9 10 | 2 }
! ! 5 i
N !Lay path ways f 6 | 3 ; 2 !
SO S, (T SR SR
Source : F, de P, Hanike, New Thinking in Management,

(London, Hutchinson & Co. Ltd,, 1965), p.98.
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be constructed after the roof-tiles are obtained. The
drains cannot be laid before the foundations are pre-
pared,s Plastering can stért after wiring, Plastering
and flooring can start concurrently. Plumbering and
laying path ways can also start concurrently., After
analysing in this way we can draw the network diagram
for the construction of a house, according to the rules
mentioned earlier. The resulting network diagram is
shown in Figure (10),

The first event on the network is allocated
an earliest event time O, Then the earliast event
times of the otheir events are computed by moving forward
till the end c¢vent. = The latest event time is compu-
ted by starting from the end event, giving it the same
time as the earliest event time, and moving backward
till the first event. (Sce Figure 10),.

We coh also compute earliest start and finish
time, latest stert and finish time, total float, free
float and independent float., The results are shown in

table II,
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The results of time analysis in table II can

be briefly explained as follows.l

(1) Earliest Start.’

This is the earliest date on which the activi-
ty can commehce due to the limitation of previous activi-
tics, It is the same as the earliest event time. This
waglue is ta%en directly from the network diagram.

(11) Zarliest Finish.

This is the eafliest date on which it
is possible to finish the activity due to the restrictions
of all previohs and parallel activities. It is obtained
by subtracting the duration of an activity from its ear-
liest start time,

(iii) Latest Start.

This is the latest date on which it is possible
to start the activity without delaying the completion date
of the whole project., It is obtained by adding the activi-
ty duration to the latest finish date.

- — — T S G — N Bl Bt W G G Bl B i WD ) il W) S G Wl W W WD

1, The definitions and formulas included in this explana-
tion are adaptcd from -~
P.J. Burmm’ ODoCito, p0860
K.G. Lockyer, op.cit., p.kl.
H,3. Woodsate, op.cit., p.151,
%ages g. O'Brien, op.cit., pp.38-L41,
an Der Veen, Introduction to the Theorv of Operation-
al_Research. (Metherlsnds, 1.V, Philips Gloe"{i&%ﬁéﬁij;p"
brieken Eindhoven, 1967), ppo.148-151,
I3)L::\571d I. Cleland and William R. ¥in=s, op.cit., pp.34O-

il
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(iv) Latest Finish.

This is the latest date on which it is vossi-
ble to finish the activity without ieopardAizing the com-
pletion date of the whole project. It is the same as
latest event time shown in the network,

(v) Total Float.

The time by which an activity may be delayed
without effecting the final completion date of-the pro=-
ject, This is the maximum time available to perforn the
activity. If the total float is zero, the activity is
critical, .

Total float for an activity = latest event time of
succeeding event -
earliest event time of
preceding event - acti-
vity time,

e.2s Total float for activity (1.,5) = 25 - 0. - 12

= 13. davs
(vi) Free Float-earlv. :

This is the amount of time by which an acti-
vity may be delayed without affecting any other activity,
when any operation is carried out at the earliest possi-

ble point in time. If it is negative, it is taken as

D G S T D T — — N S W Gl S} B Bl B D o Sl s A il St

l. Free early float is also labeled free float when a
sincle free float is used. Hence interfering float
can be computed by subtracting frce float from total
float. But it is not widely used,
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ZEero.

Free float early for an activity = Earliest event time
of succeeding event -
earliest event time
of preceeding event -

_ activity time,
e.%. Free float early for activity (1,5) = 17 - 0 - 12,
= 5, days.
(vil) Free.float-late.

This is the amount of leeway avalilable to an
activity when every operation is carricd out at the
latest possible point in time, If this float is negative
it is taken as zero,

Free float-late for an activity = latest event time of
succeeding event -
latest event time of
preceeding event -
activity time,

e.Zs I'ree float-late for activity (1, 5) = 25 - 0 - 12

= 13 days.
(viii) Independent Float.

It is the maximum amount of spare time avail-
able to an activity, no matter where the activity's pre-
ceedins and succeeding events are placed in time, 1If

this float is nemative it is taken as zero. i.e. there is
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no independent float.
Independent float for an activity = Earliest event time

of succeeding event

~ latest event time

of preceeding event

- activity time.
e.g. Independent float for activity (1,5) = 17 - 0 =12

= § days.
There can be negative value for total float.l
When an event latest date becomes earlier than the ear-
liest date then it will give a negative total float. Ne-
gative total float indicates the amount by which the
activity is behind schedule or the amount of time which
must be made up by one means or another, to meet the
target date.2 The most useful types of floats have been
found to be thc total and free floats. These measures
become particularly important when “imited resources have
to be allocated within project.
The critical path is indicated by a series of

‘events where the earliest event time and latest event time
are equal, see Figure (10). It is also a series of acti-
vitics which have zero floats, see table II. The series
of activities in the critical path are, 1-2, 2-3, 3-kL,

4-6, 6-7, 7-9, 9 = 10 and 10 - 11, The total project

1. When there is negative float, the critical path in a
network is that path which hés least float.p

2. PJJo Burman, op.cit., p.1l0l,
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time is given by the length of this path. It is (43)

days, see Figure (10).

35 PERT (Program Evaluation and Review Technigue),

Since the concepts and methods embodied
in PERT arc the same as those described for CPM, the
discussion of PERT will cover only the major differen-
ces of these two,

Uncertainties concerning the naturc of spe-
cific jobs that must be done, pose serious problems as
to the validity of any estimates of tine or cos%ts. To
handle situations like this, a statistical approach has

been developed using three estimates of time for each

activity.
PERT defines the three time estimates as
follows.l
T, = Optimistic duration : the time required if

nothing at all goes wrong with the perfor-
mancc of the activity. There should be
about one-in-a- hundred chance that this
duration will be achieved.

il = Most likely duration: the timc which would

most often be achieved if the activity were

1, These definitions are adapted from
R.C. Maltino, op.cit., p.37.
P.J. Burman, op.cit., p.73-7k4.
Richard I,Levin and Charles A. Kirkpatrick, op.cit.,

poil.
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carried out repeatedly, It is the same as CPM
estimate. '

T = pessimistic duration : the time required if
everything goes wrong with the performénce of
the activity. There should also be about a
one per ccnt chance of.this occurrence.

This is the basis of the PERT system, whosc
fundamental assumption is that, if an activity is car-
ried out an infinite number of times, the actual times
taken would form a frequency distribution of the Beta
typec. The:optimistic and pessimistic durations would
give the tails, and the most likely duration, the mode

of the distribution.

A
. Std
dévﬁation
. 3
{ ]
. (I
o } I
= ] ! 1
Q \ Ly
=5 } 4 ! . 4
o | 5071 | 507% :
[ 3 t ty
= ! [ [
I [ H
1 )
i Ty te Tp Day's tinms

Fig. (11). Illustration of beta distribution,

Source : P.J. Burman, Precedence Networks for Project

Planning and Control., (London, MeGraw-Hill

Bock Cos Ltlsy 19720, paTle
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It was further assumed that a fair approxi-
mation of the expected duration (t,) would be given by
the formula :

te = TO + L Tm + Tp

6

(t_), the mean or the expected time recpre-

sents a point where there is a 50% chance that the ac-
tual activity completion date will be earlier or later
than (te).

The standard deviation (&) or its squared
version variarice (62) represents a measuic of the dis-

persion or spread of the curve. Standard deviation and

variance are computed by the following formulasla
2 _ -2
§° = b-a
( = )
- b ~-a
G ™ e

(a) PERT Computations.

Beforc the computations are made, the follow-
ing terms should be noted.

(1) Tz (Cumulative Expected Time for an FEvent).

T represcnts the sum of all the individual

t.1s along the path leading to that event.2 The longest

e
path leading into anyone event is the determining factor.

P ——————— R el ]

l., R.L. Martino, op.cit.y, p.37.
2. Robert W, Miller, op.cit., p.45,.

]
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The resulting Tp value them represents the earliest time
that event can be completed. It is the same as the ear-
liest event time in CPM.

(11) § (Latest Allowable Time. )

The latest allowable time for each event can
be determined by proceecding backward from the earliest
completion date, subtracting expected times of the events.
The (TL) represents the latest date that an event can
occur and not jeopardize the project completion date.l It
is the same as latest event time in CPM.

(1iii) Slack.

Slack is the time flexibility available to
managemnent in scheduling, and is defined as (T, - Tp).

If T, 1s earlier or lesser than Tz, than negative slack
exists, and the complction of the project is in jeopady.
It can be remedied in two ways. First a portion of the
resources can be withdrawn from non-critical activities
and Allotted to critical activities. Second, management
can increase the overall level of resources devoted to
the project.

The path with the most negative slack or the
least positive slack is nccessarily the longest path -

the critical path.2

e S D G G S SN SR W S G S SO U SO G M G S G e Gt e Swm G

1. 1bid., p.l2s
2. David I. Cleland and William R. King, op.cit., p.347.
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(1v) Lllustration.
A network diarram with three times estimates
(days) are siven in Ti~ure (12), From this network, Tg,
TIJand slack can be computed, see table III,
A sz=ries of events which has the least slack or whose

g

and T, are equal, ie., ol, o2, o+, 05, 09, is the

eritical path se Mresure (12) and Table III,

Table III
wyent | Critical | T, | T, | Slack
number path =

________________ T T T

oL % 0 0 0

02 * 1L 14 0

03 1X.3 19.% 8.1

ok * 1k 1k 0

05 * 35.2 35.2 0

06 29 45,6 16,6

07 49.2 | 5€.8

08 30 5742 272

09 * 66 66 0
AU — ¢ VIR S S, o
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w———) Critical path,

Figure (12). Tp and Tp, calculations,
Source : Albert Battersly, Network Analysis. (London,
Macmillan and Co,., Ltd., 1967) . p.126.

Probability of Meeting Scheduled Date,
A scheduled date on a project represants a

desire to achieve a particular event by a predermined
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time.l The probability of meeting the scheduled date
can be determined by using the concepts of slack and
standard deviation of an activity. On the basis of
the Central Limit Theorem , one can conclude that
the distribution of possible completion times around
TE for terminating events may be approximated by the
normal or bell-shaped distribution,?

In this situation, the probability of achie-
ving a Ts is found by expressing the differerce between

Tq and Ty in units of 6°3,
Ts"‘ TE

i.c. 4 = =
Z = probability factor of meeting the

required completion time,
T« = scheduled date.
T, = cumulative expected date.

Standard deviation,

1

This will yield a value for the probability of accomp-
lishing Tg by use of the normal distribution teb le.

The network in Figure (12), shows that total
duration 1is (66) days. If the scheduled completion
date is given to be (60) days, the probability of

meeting this date can be computed as follows,

e D e S G B S S P A Gt P S G ek e G B B S P P e wd

1. Edward C, Bursk and John F. Chapman, op.cit,, p.116.
2., Robert W, Miller, op.cit., p.5k.
3. Ibids pe55.
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The ctandard deviation, expected time, and
variance are computed for each activity in the network

and shown in teble V,

Table V

T Standard | expected  : Varsanco: Critieal|
% Activity ; dfviation @iui%i;ig - % 252 ;‘Path
S = |
A ?
. 0l - 02 ; Lt 14,0 i 16 ?«
jor-o03 2 | 1.3 | 5

02 - O% | 6.17 | 21,2 § 33.c7 !+
. 02 - 06 ; 5. 67 15.0 | 32,15 ;
03 - ok | 1,33 | 15.3 | L79 |
03 - 05 ; 2,50 15.8 | 6.25 g |
ok - 05 0 0 e | !
? okt - 07 % 3.17 13,2 } 10,05 T |
o507 2.33 1%.0 5.3
05 -09 2.50 | 3C.8 | 6.25 ?*
| 06 - 07 f 2,17 | 112 g k.71 |

06 - 08 o | 1.0 .0 ; |
- 07 - 09 0.83 | 9.2 B I
| 08 - 09 0.83 | 8.8 E Jop
. N PO NS ———— T \




Total variance along the critical path
= 16 + 38,07 + 6,25
= 60.32
Standard d.viation of the final cvent = / 60.32 = 7.8

Ty = 60 days (given)

. _ Tg - Tg = 60_= 66 = - 0.77.
e 2 = il N

Refering to normal curve table we find its

correspondins percentafe of area under the normal curve
to be =zbout 22%, Therefore the probability that projeat
duration will not excced (60days is 2277, It will be
excceded is thereforc 78%.

PERT is viewed as a najor step forward for
the nmanagemcnt of nonrepetitive or onc time through
prograims., DBecause time prediction ond performiwnce daota
are available from PulT in a hishly ordered fashion,
mahagers are fiven the opportuaity to coiicentrote on
the important eriticcl path activitics,

Many individuals in differcat locations
or orpgahizations canh easily dcternine the specific
relationship of their efforts to the total tosi: require-

ments of a larsge progranm, P.RT is strongly orientcd to
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forecasting the ability to accomplish future events on

schedule.l

3.6 Main Differences.Between CPII gnd FPURT,

In the CPM technique only a single elapsed-
timé estimate is made., With this approach, the problem
of uncertainty in time estimate is disrerarded. The
single time estimates work very well in such applicat-
ions where there is a larpe amount of prior history on
comparable activities, or where time and cost of various
jobs could be estimated with a reasonable amount of accu-
racy, or where standard exists for individual activities?
Thus CPM is said to be a deterministic model.

The thrce time-estimating approach of PERT
constitutes one of its most important features, since
it beings the problem of uncertainty out in the open.3
Since PERT ‘aralyses  statistically,
and contains explicit recornition of uncertainty, it
is said to be probabilistic. It is often cited that
PERT is best suited for projects where more uncertain-

ties are to be encountered.

1. Richard I, QReevin and Charles A Kirkpatriek, op.cit.,
Pe30.

2, William R}, Xipg and T,A, Yilson. Subjective Time
Dstimates in Critical Path Planning, Management
Science, (Jaa, 1967), p.310, y oo

3. R.L. Martino, op.cit., p.3.
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The three time-estimate system of estimat-
ing durations does offer a means of compensating for
or anticipating delays and is from this point of view
preferable to the rigidity of the one time-estimate
system.l

However, in recent years, the differences
have tended to disappear, Both techniques are equally
applicable to planning, monitoring and controlling, and
both are equally applicable to any kind of project which

is a one time effort.

3.7 Ihe Use of the Computer in Project Managonont
with Reference to CPM/PURT,

In applying CPM/PIRT in project management,
a computer should be used, whenever it is needed or
whenever its use is economically justified.2

There are distinct advantages to be gained
from using a computer for the analysis of the network,
This is especially true for networks of more than one
hundred activities where a manual analysis becomes a
protected operatio., A network requiring days of ma-

nual calculation can be analysed on electronic computer

in a few minutes,.

1. B.J, Burﬂan, ops.citey p.277.

2. R.L, Martino, Qnuul__w op.cit., p.3.
i Resources Manacement, op.clt., bis 134
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Computers tend to be more accuvrate than their
counterparts. Repetitive manual calculations are seldom
error-free and the nature of the CPM/PZRT calculations
mean that an uncorrected early error can invalidate the
whole calculation.l Computers on the other hand are built
to carry out millions of calculations without a single
error,

(a) The Program.

The total number of instructions required in
order to obtain the desired results is called a prOgram.2
The computer learas from it instantaneously how to do a

certain set of calculations, For example, producing a

schedule or report from a network., All computers provide

substantial programs for project planning and control techni-

ques (i,e. CPM and PEZRT) which are readily available, and
it is extremely rare that a special pnrogram needs to be
written,3 Thus CPM/PERT  ° is  usually handled by
programs, |

Bach company's programs for CPM/PERT technique
have their own individual characteristics and it is
necessary for a prospective user, to study the manuals of
his particular choice of programs in order to gain in-

sight into the requirements ond cappbilities of the chosen
l. H,8., Woodrate, op.cits, p.l138,

2« L.Re Shaffer, op.cit., p.l171,

3. Report of Seminar-cum study tour....... op.cit., p.183,
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tool,
(b) The Input.

The network once drawn must be translated
into a form which the computer can deal., The first
step therefore is to prepare a data list of the items
included in the network, Irom this list the input for
the computer is prepared, Coding is the operation of
writing on the input documents the information to be
read by the computer. This must be prepared in accor=-
dance with the program specification, and needs to be
carefully checked by the user of the computer before
the cards or tapes are punched from it.l The inout
data for processing are then submitted to the computer.

(¢) The Output.

The usual format of printout is tabular,
It is also possiple to have the computer print its re-
sults in bar chart format, Typical reports available
for CPM/PgZRT usually includes :

1. Time analysis reports in various sequences.

2. Resource analysis reports.

3. Cost analysis reports,

4, Bar charts and graphs for time, resource and
cost,

S i S St S et D S St St ) (D S G G D GRS G N B S G = i

1, Albert Battersby, op.cit., p.13%.
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(@) Salient Features of the Computer.

4 It is often advantareous on large'netﬁorks
to have the analysis presented in several different se-
quences for different purposes. Computers can carryout
the necessary sorting and selecting processes very quick-
ly, tlms often maoking the results more nsable,l
It is usual for a computer before analysing
a network to carry out extensive checks on the data sup-
plied and on the validity of the network.2 It will check
that each item of activity and event data relates to the
network being processed and that information has not been
wronrly prepared for computer processiag. It will also
check the logic of the network, these checks being main-
ly to detect odd ends or dangline arrows and network loops.
A conputer not only carries out these checks
but identifies the errors as precisely as possible and
prints this information so t hat the correction canbe made

3

without delay. Any error in network loric if undetected

can render the calculations useless,

Sorle arruenents against the use of the compu-

T

ter are @
1, doings the arithmetic by hand gives one an insight
into the project which delegation to a machine can-

not provide,

1, Report of Semlhal ssessss90DaCibsy Ppal05.
2. Ibid.,p.186,
a. K.G, Lockyer, op.cit., p.ll2,

. Albert Bottersby, op.cit., p.126,
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2. Manual work reinforces the planner's knowledre. g

2

3., Time ahd effort must be spent in preparing the data

D3
for the computer.,

e Y, The delay. in zetting data to and from the computer
especially when an outside machine is used, may
interfere with control of the project,.

Some favourable arguments are%
1. The arithmetic in a large networlk is tediously re-
petitive ~nd should not be inflicted on human belinrs.,
2. A modern computer produces a virtually perfect result
given the correct inout.
-

3. Many alternative plans can be considered and the sche-
dules can be revised easily at short notice,
4. Althoush computers are complicated machines, one needs

only to know how to use them, not how they work.

328 Prerequisites for the Application of CPM/PERT

There are certaln prerequisites for the
successful implementation of CPM/PERT system, These
factors can be stated as follows,

(a) Operating Svstem..,
Adequate delegation of authority and res-

ponsibility from hizher to lower levels in the system

PR e Sl s s U el e G Sh Gugd B B WS SEE Gy Gnb pen Ve W G.H e NS ED WS

1, Ibid., p.l27.
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should be made in order to avoid delays and cost in-
crease.l Tectical decisions should preferably be dele-
gated to individ uals as far down the organizational hier-
archy as possible.2 These decisions include operational
problems, which may be of day by day nature, such as al-
location of resources, for instance manpower, and alle-
viation of delays.

Planning and controlling projects through
CPM/PERT demands good management discipline which in-
cludes, strong management control, good cooperation
between executive and technical staff, and good manage=-
ment reporting systems.3 If this discipline is lacking,
networks will not be used effectively.

The top management should be oriented and
became acquainted with these techniques and with their
capabilities in saving time, cost and resourcés,

The individuals concerned with CPM/PERT
application must be qualified enough to be knowledge-
able in the mechanics of CPM/PERT inecluding network
development, calculations, analysis and application,

At least one member of the team should be familiar with

data processing operations.
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1. H,J M, Lonbaers, opecit., p.59.
2. Ibid.

3. P.J, ﬁurman, op.cit., p.300,
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The functions of the CPM/PERT technique
personnel would be.l
l, Maintaining networks.
2, Preparing input data,
3. Attending computer runs and correcting errors.
4, Analysing output.
5. Preparing management information.
6., Assisting managers in identifying problem areas
and sugpgesting alternative solutions supported

by available data.,

(b) Provision of Irformation and Copntroliine.

This system is mainly concerned with gather-
ing of information and followup and control of project
implementations. Gathering of information is related
to preparation and planning of the project and program-
ming of implementation.

Information regarding preparation for pro-
gramming of implementation are, specification of machi-
nery and equipment, raw materials, preparation of ten-
ders, information on suppliers, project activities
according to selected levels of detail, the logic of
strateey, activity sequential relationships, methods of

performing the project, durations, network technique
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1, Peter P, Schoderbek, op.cit., p..4O%,
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used, resulting time schedules, ecritical and sub cri-
tical paths and available floats and the like.l
3y using these information, the losic of
stratezy already adopted should be reviewed and ad-
Justed, and project implementation network should be
updated for further use as a control tool for project
implementation.2
In the process of follow-up and control,
actual performance is to be compared with estimates
in terms of time, resources and their rate of utiliza-
tion and costs.3 Delays and their cosus should be de-
termined together with control factors. Rouch estimates
of additional funds and resources required to complete
the project and any increase of project duration may
be worked out.# Alternative corrective actions are then
to be proposed for decision making. On the basis of
these proposals, a review and modification of the net-

work plan should be made whenever needed,
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1, D,G, Malcolm, J,H, Rosebloom, C.E, Clark & W, Frazer.
Applicatlon of a Technique for Research and Develop—
ment Program Zvaluation, Opepations gsga:g . (Sept.-
Oct,, 1959)s Dp.650,

2 Ibld.

3. J ﬁacock, PZRT as an Analytical aid for Programm-
J.nh Plannln: : Its payoff and Problems, Operations
Regsearch, (November - December, 1964)s p,901,

40 Ibldo, p 902
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(c) Communication.

The main function of communicatlon system
is to transmit precisely, information and directives
to the right person at the right time. The transmiss-
ion of information should fake place upwards from lower
to higher levels as well as side ways at the same level
within the organization,

The communication should also take place as
well as from the system to other bodies outside the or-
ganization which are concerned with different aspects
of the project.

Information could conveyed verbally as well
as in writing, but they should be generally written.,
Verbal communication may take place at meetings held
between project personnel,

Reports are most widely used form for writ-
ten communication., Different types ol reports including
information concerning activity scheduling, data, avail-
able total floats by time period, will give the analyst
the best opportunity to solve problems.l Reports should
conprise only the information required by the recipient
of the report.

As the information moves upwards it. should

be less detailed. It is of essential importance that
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those concerned in preparation of reports at the lower
level are pgiven directions as the information to be col-

lected and developed, and the form of reports required.l

1, H,J.M, Lombares, op.cit., p.52.
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CHAPTER_ _lk4,
Conditions of CPM/PERT Application and Research
Procedure.

CPM/PIRT technique is 2 network-based tech-
nique - that has been developed to aid managem~nt in
planning, schedulins and controlling complex projects.

The present study is a search into the fea-
sibility and application of this technique to condi-
tions in the Burmese industrial environment., The first
part of this chapter presents the factors which influ-
ence directly on the pattern of project planning and
control work in Burma., The second part deals with the

research procedure of CPM/PERT application followed in

this study.

4,1 Factors Influencing the Functionsof Proiect Mangge-
ment_in_Burmg.

Specific factors influenciné the proiect
management functions in Burma can be generally classi-
fied into three main groups, (See Fir,13) which are :

(a) Conditionins factors.
(b) Organizational factors, and

(c¢) Operational factors.
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By and large, conditioning factors include
government policy towards the development programs, the
budget system, and the demand of the state enterprises,
which can be taken as the "customer organizations."

The organization gset up of the enterprise
undertaking the projects is the determining factor of
the project organization. However, the top mana gement
who has full authority for the establishment of the pro-
jeet and the project manager who is responsible for the
successful implementation of the projesct are the core of
the project orgarization,

The moin tasks of actual implementation of
the project are determined by assignment of work and
incentives and provision of materinls supervised by func-

tional managers.

(a) Conditionisngz factors.

The state enterprises, desiring to order the
job (for example the Burma Five Star Line Corporation)
rmust formqlate the project proposal according to the set
procedures. This procedure is laid down by the govern-
ment with its policies on industrial development and
general administration,

The process of project formulation and appro-
val must o through the budret system before it is sanc-

tioned. Hence, the government policv and the budret
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system are the main Tactors of consideration for the
customer enterprise to propose a project, which later
has to be implemented by another project organization

(for example Sinmalike Dockyard Corporation).
(1) Poligy of the Government.

The government has laid down policy guide-
lines toward economic development for every aspects of
the economy, such as industry, finance., trace, iazbour,
construction, communication, trcnsport. agrieculture,
cooperatives, hatural resources, ¢tc, Some salicnt fac-
tors included in the short and long term gecneral ccono-
mic policy of the government are as follows :l

1, To vun the state enterprises on a commercial and
a more compctitive basis, so as to increase tleir
efficiency., To fix profit as an indicator of the
success of the business.

2. To introduce reward and punishment system, piece-
rate system and material incentive as nuch as pos-
sible, so as to increase the productivity.

1. Short Term and Loag Ternm Jcononic Policy of the Buggl
Socialigt Proeram Portv. 2od cd, Roncodo, B
list ng;p n Party, 1973.(in Burncse) . pp.29—§0.




3.

5e

82

To eliminate the system of clasgsifying the workears
as permancnh and femporary and to give equal rights
to every workers, To incrense the wages of workers
according to thelir productivity and to narrow the
gap of difference in income among the governmat
enployees. To reducce the unemployment level, Peo-
ples' Workers' Councils are to organize amd persuade
the workers to have interest in work and to fulfill
their duties promptly,.

To increase the rights of the supervisors of the
government enterprises so as to maiantain "different
levcls of taking responsibility'. To substitute
qualified nnd skilled supervisors, for thecse who
cannot manage the cnterprise efficiently and effec-
tively.

In raccelerating: the national economy with: develop-
ment plans, finoncial resources are‘to be allocatecd
in the most effective and efficient nmanner, and the
alloted funds arc to be distributed from the Burmese
Beconomic Borks, Thus state enterprises have to open
accocunts at the banks for financial transactions.
State enterprises which depend largely upon foreign
raw naterinls arc to 1look for ncw techniques and

methods so that they can rely on local made materials,
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Government policy ismostly reflected in deci-
‘sions made at organizational and operational levels, For
example, decisions concerning purchasing of raw materials,
financial assistance for the government enterorises and
departments,, evaluation of work, and appointment of wor-
kers are within the limits of the government policy,

What is evident in most of the cases is that,
meetings and seminars of the individuals participating
in the project implementation are held most often to eva-
luzte work progress and to take corrective actions; the
financing of the government enterprises is through the
budget systemy new schermes. are introduch (eg. Bonus
system, piecce=-rate system) only when they are in accord
wit h the policy; workers are appointed temporarily on
salary basis; and r aw materials are procured by the app-
roved tender syvstem from any country with low price and
hipgh quality,

But it secems that most state enterprises
still cannot operate effectively as stated in the poliey
guide-lines, For example, some state enterprises still
cannot run on coumercial and competitive basis, and re-
ward and punishment system, material incentive systen,
transfer of rights and responsibility to supervisors,

are still in the process of execution.
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(11) The Budget. System.

Before 1965, rovernment corporations' ex-
penses were financed by the Union Consolidated Fund,
and they had been subject to the budget allotment app-
roved by the Pyithu Hluttaw since its establishment in
Maoech 1974, Union Consolidated Fund was operated as
follows. All recceipts were to'bc deposited and they
could not be spent by the state enternrises depositing
themn., All expenditures were drawn within the d rawing
limit given quarterly out of their arnu.l budreet., All
new projects undertaken by the state enterprises had
to be approved by the economic committee of the zovern-
ment and were finonced through the Union Consolidatad
Fund.

As all the government corporations are to
run on the comnmercinl basis, a new system has been in-
troduced for them, starting from 1975, According to
this system, the corporations are provided with a cer-
tain amount of working capital depending upon their
profit and loss, Zach corporation has to open current
account at the banks with the working capital as the
openhing palance. For each financial year, the corpora-
tions prepare the required budget(ncluding foreign

exchange) for their work prograns, and apply for budget
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sanction, The budget includes curreht expenditures and
capital expenditurces. When the budret allotment is app-
roved by the Pyithu Hluttaw, the Corpor;tions can drow
the approved amount of current expenditures from their
current accounts whehever necessary.

The initial working capital provided by the
governmcnt is to be repaid depending upon the fin=ancial
conditions of the corporations.

K1l the incomes of the corporations must be
deposited in their current accounts. Tf the corporations
have losses, a certain agount of workius capital will be
required further., In this case, the corporations are pro-
vided with loans from the banks with a certain amount of
intercst,

As for the capital expenditures, (eg. for
new projects, replacements, extensions) separate accounts
for each cornoration are openeld at the banks, and the
required amount is drawn from these accounts, subject
to the approved budset ailotuent. AL the end of the
finaneial year, the balances of these accounts are sur-
rendered to the government,

Other state enterprises, ~overnment depart-
ments and organizations are financed by the Union Con-
solidated Mund. ‘‘hen the budget allotments of the state

enterprises, government departments ~nd oreganizations

PRORI T T s —



are approved by the Pyithu Hluttaw, they draw the re-
quired amount from the Union Consolidated Fund. All
the incomes of the state enterprises 2nd Eovernment
departoents must be deposited 1in the Union Consolidated
Fund.

4s for the foreisn exchange, evel after
its allotment is approved, the corporations, and de-
partments have to apply again for the permission to
spend whenever necessary.

All new projects undertaken by the corpo-
rations hnve to bc approved by the Fconomic Committese
of the Council of Ministers, and once it is approved,
‘the financing of the projects will be done by the
stote budget.,l Going concern projects need not be
submitted to the Tconomic Committee of the Council of
Ministers for approval, (For example shipbuilding pro-
jects undertaken by the SDC or T,/TC). Such corpora-
tions have only to apply for the required budget for
their work programs every financial year. The proce-
dure for formulation and implementation of new projects
is shown in Firure (1W). Different levels have TO

communicate upward and downward repeatedly from the

time of spetting approval for the new projectsup toO the

---‘----——_-“‘—up‘“_lﬂ.l‘_-’

1. Finoncing of new nrojects is 21so done by foreifn

nids or foreign lonns besldes the state budpget. It
is not discussed in this paper.

e
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time of implementing it successfully.

The procedure for the approval of the budpgect
for the corporations and . government departments can be
stated as follows,

State enterprises, government departments
and corporations prepare the required budgets for every
financial year, and submit to the Planning and Finance
Ministry. The budseet department of the Planning and
Finance Ministry complles these budgets 2nd prepares
the national. budget and pass to the Finsncial Committee
through the Planning and Finance Ministry. When the
Finaneiol Committee approves this budget, it is submit-
ted to the cabinet by the Planning and Finance Ministry.
When the cabinet approves this budget, it is presented
at The Pyithu Hluttaw by the Planning and Finance Minis-
try, Lor fingl approval.l

Since the prices are not stabley, there have
becen great price diffcrences from time to time and as
the exact rate of inflation is not available for the
state enterprises, it is difficult to estimate the re-
guired budget. IFurthermore, the amount of budget app-

roved is linadequate in most cases,
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1, The Council of state issued 2 proclamation in August
1976? on the transfer of duties and rights to peo-
ples! Councils ot different. levels. Thus, the exist-

ing budget preparation system will chansge startine
from 1977,
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(1i1) The Customer or the Demand of the Enterprises.

Generally, the oripination of %iie projects
comes from the customer enterprisesor clientswhich are most-
1y ‘state enterprises. When a project is approved to
be launched, the customer enterprise directly approaches
the sponsored enterprise or invites tender for the nev
project or work, both from local and foreign countries.
Thus the inrdustries and corporations compete for the
work. The customer usually chooses the least bid indus-
try or corporation for the new project..
< : Before 1975-756.documental agreements had

never been made in dealing with the customer entcrprise,
except in rarc cases, when there were more than onecnter-
prise involving in a project. According to the governnment
policy, it is secttled that, in the coming future, 211
government corporations must run on a commercial and
ccmpetitive basis., Thus when the customer enterprise
approaches the corporations for a new job, contrachial
agreenecnhts must be made with the customer. The agreea
ments include. terms of payments for the work, and if

the sponsored corporation cannot complete the work with-
in the target date, it nust give penalty. The customer
enterprise 2ust obtain the required budget for the pro-

ject to be undertaken, before the payment for the project
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is settled,

For example, the customers for the Construe-
tion Corporation may be the Ministry of Education, the
Ministry of Health, the Housing Department and the like.
The custoners . for the Sinmalike Dockyard Corpo-
ration may be Five Star Line Corporation, Myama 0Oil Cor-
poration, Inland Water Transport Corporation, Irrigation

Department, State -Timber Corporation, etc.
(b) Organizational Factors.

Organizational Factors arc concerned with the
manhagement of project implementation. Management 1is
responsible for orgonizing, coordinating and chnannell-
ing the efforts of the personnel in the most economic
and efficient way to execute and monitor projects. Top
nanascnert. and project nanager are mainly engaged in the
nanagenont of projects,

(1) Top_ Management,

Top management seems to be concerned chief-
ly with policy measures and have full authority and res-
ponsibility for the implementation of projects. General-
ly to supervise and control, to solve problems impeding
project inplcmentation, ~nd to take strategic decisions

arc the main functions of the top managerent. There
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seems to have a trend of centralization in the manage-
m>nt of projects., “
(11) Proiect Manager.

Oncé a project is decided upon and approved
to be launched, 2 project team is formed with conpetent
personhel charged with the responsibilities to execute
the project in accordance with plans, schedules and ob-
Jectives., A project manager is selected by top manage-
ment for his technical competency and ris experience in
managerial and organizational skill and aptlitudes.

He is project oriented, and he has to devote
full time to the project. The project managers role,
basically, is one of planning, controlling and motivat-
ing the project team. .He has to copc with situations
involving beople, time, money and technology. He is to
coordinate the efforfs of all parties engaged in the
project and to maintain communication within the project
team, Operational decisions which are of day by day na-
ture concerning workers, materials and scheduling are
made by the project manager. Project manager is frequent-
ly an enzineer or a person who has a primary background
in the project's mnin field of activity. He becomes a

unifying agent with respect to the total manageme nt func-
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Generally, the top management and project
manager are engaged in project implenmentation as ,. men-
tioned above.

As the field study was done in Pyithu Hlut-
taw building project under Construction Corporation and
oil barge construction project in sinmalike Dockyard
Corporation, the organizational factors of these projects

will be summarized here.l

A project team is establisned for the Pyithu
Hluttaw building project. Committees ~re formed to man-
age the project implementation, including manaring com—
mittee, coordination committee, and working ccrmittee.
There is no such & person appointed as the project mana-
ger, But staff officer I and the chief engineer who are
executivés of the working committee seem to have the
rank of the project manazger. They are responsible for
planning, and field work. The wanaging committee and
the coordination committece are the top management and
the work to be undertaken depends upon tSheir decisions.
These three committeces are responsible for - achiev-
ing the tarcets within the time scheduled,

The Sinmclike Dockyard Corporation is

merely o business organization and the projects under

D St WS G G B D T D R Lt B S A ad G D B G @ 6 S S S —

- l. The organization set-up of these projects is treat-
ed in detail in the next chapter,
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taken are the type of thehgoing—coneern projects. There
are no separate project teams, The whole organization
is involved in carrying out the projects, The manag-
ing director and the devuty managlng director are the
top management who are mainly concerned with policy mat-
ters, defining the duties of the individuals in the or-
ganizztion, and appiying for finnnc;al approvals, The
general maonager seems to have the role of the project
manager, anhd is mostly engaged in detail performance of

the organization,

(c) Operational Factors.

Operational factors are those factors which
~include - in the process of implementing the proj-cts.
Functional mahagers are responsible for work assirnment
and ipcentives, and provision of materials and supplies
during the operatiing phase of the project. !Most of the
expenditures, technical performance and work progress
depend upon the purfornonce of these factors,
(1) Fupctional. Mopnagers.

Functienal managers are assigned to differ-
ent sections of the project team. They support the pro-
Ject manager according to their instructions in carrying

out the project. A project manager must rely heavily on
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capable managers to handle the details of project opera-

tions. The support they give to the project managers is

an important factor in neeting project's objectives.
In the Construction Corporatio, when a new

project is approved to be launched, a project team 1s

formed with the competent persomnel charged with the res-

poensibilities to execute the project in accordance with

the plans and schedules. A project manager is selected

by top management for his technical competency and his [

experience in managerial and crganizational skill. |
The project team for the Pyithu Hluttaw

Building projcct consists of three committees, namely,

working committce, coordination ccmmittee and the manag-

ing committee. Seven sections included in the working

cormittee are Architecture, Design, Estimation, Electri-

cal, Quality Survey and Rescarch, Sanitary and Water

Supply and Field Work. Each of the five sections has

a staff officer II as an incharge, and the field work

section has an assistant command engineer as the incharge.
Staff officer II and assistant command engi-

neer have the role of the functional managers. They are |

memnbers of the working committee and suppert the working

conmittee with the required information under the direct-

ion and supervision of the staff officer I and chief en-

gineer who are the execcutives of the lUorking Committce and




A% (a)
who have the rank of the project manager. Operational de-
cisions, which are of day by day nature are made by thenm.
Major decisions are made by the teop managenent.
| Thus, the project team of the Construction Corpora-
tion is formed systcematically. The functions cof the teanm men-
bers are specifically defined and are project oriented.

In the Sinmalike Dockyard Ccrpcoraticn, there arc
four major departments, vis. Engineering, Stores, iccounts
and Pcrsonnel. Assistant Managers, enginecrs, acccuntants
and stores cfficers of.thc respective departments likely to
have the rcle of the functional managers. They are undcer the
dircct supervision of the manager, chief engincer and chief
accountant.

When a new projeet is decided upon and appreoved to
be launched, thec general manager chooses suitable individuals
from the four departments for thc¢ implementation of new pro-
Jects. The whole organization is a busingss crganization and
the projects undertaken are the on going types. The functions
of the individuals are not specifically defined and are not
projcct oriented. When o project is approved to be launched,
individuals are selectcd from the four major departments, tc
inplenent thc new projccte

Thus there are no separate project tcams like the

Construction Corporation.,
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(1i) Provision of Materipls and Supbplies.

Once a projecct is launched, raw materials
and supplies arc the first to be procured. They are
usually bought by tender system from abroad, or ordered
from local corporations within the limits of the budget
allotment,

The local made raw materials are usually
provided by the government corporations such a s State
Timbzr Corporation, Peoples' Tngineering Irdustry,
Burma Railways Corporation etec. As the irndformation on
the quality and type of raw materials manufactured by
these corporations are not readily available, it is a
time consuming task to inquire them whether they are
producing the required material or not., It seems that
these corporations do not cooperate in procuring the
loczl made raw materialsy, anid they are not interested
in the special orders. The local procurement of raw
materials is done by the approval of the top maesgement
of the organization,

Foreisn materinls are procured by the app-
roval of the minister level. Before 1975-76 two methods
of foreign procurcnent system were operated., The first
system was that the customer enterprise obtained the

foreien exchange required for the raw materials and
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procured the raw materials which were later transfered
to the sponsored corporation, Another method was that
the foreigrn exchanpge required for the mw materials was
obtained by the customer and transfered to the sponso-
red orgahization for procurement of raw materials. In
1975-76, the foreign exchange for the raw materials
for a certain project is obtained by the sponsored or-
ganization. and materials are procured by the tender
system,also by the sponsored crganizaticn. The foreipgn
exchanre which will be required fcr the raw materials
is already estimated in the budget aliotrent of the
sponsored Corporatio:e
The procedure for the foreign procurement

generally tokes the following steps.

l. Designsand drawingsof the required materials.

2. Spceilfication of materials,

3. Inviting tenders.

L. Vettine and choosing,

5. Foreign exchange estimation for the materials,

6. Obtaining foreign exchange.

7« Sending purchasing order.

8, Opening letter of credit.

9. Custom clearance and port duty.

10, Materials delivered.
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when the specification of materials is made
according to the desisns and drawings of the engineer,
tenders are invited and ehosen by the vetting cormmittee.
The required foreign exchrnge is then estimated and ob-
tained, and the purchase order is made, If it is occcepted
by the suppliers, letter of credit is opened at the bank
by the purchaser, After the shipments of mnaterials are
arrived at the port, custom clearance and port duties
are paid and the materials are deliversd, The corpora-
tions can buy the foreign materials on their own or
throush the MEIC as an agent.

After the purchase order is made, corpora-
tions and departments can transfer the required foreim
exchange to the M3IIC and the purchasing of foreign ma-
terials can also be done through MEIC,.

In order to open letter of credit at the
bank, the corporations deposit the local currency at
the foreign exchonse bank, the amount of which is equi-
valent to the required foreign exchnnge, This amount
is charged fron the current accounts of the corporations.

In Sinmalike Dockyard Corporation, general
items (for example spare parts) are vsuallv delivered
nearly eight months after the tenders are invited. Spe-

cial items (for example, machines, engines) take nearly
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one year to ‘be delivered after the purchase order 1is
made. Furthermore, the size of the order being small,
haturally do not attract immediate attention by the
suppliers,and in cases where the requirements "are 1in
a set, lncomplete supplies mecant unnecessary hold up.
~ Because of the lack of standardization of materials,
there is difficulty in specifying the materials to be
ordered, The SDC usually manufactures the reauired
local materinls from its manufacturing department,
Pyithu Hluttaw building project mostly
depends uporn local mnrde materials up vill now, liost
often, the required amount and nuality is not avail-

able in time, thus delaying the progress of work,

(iii) Work_ Assignment ond_Incentives.

During the process of project implementa-
tion, individuals involved in the project are assisned
with tasks by their supervisors from hirher to lower
levels, Tor exanple, the tnsks are assigned from top
minr-cment to project mancser, and then to functional
monagers ond lastly to the personnel ond workerse. Verbal
cormunicntion is mostly used in assignhineg work respon-
sibility. Problems such as, lack of spceific machines,
obsolescence of m-chincs, lack of skilled workers ~nd

qualified staff seem to occur, during the execution of
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the projects. These problems entall slippares in schedule,

over expenditures, ~nd repetition of work.

In Sinmalike DJockyard Corporation, workers in
lower wage groups look fer outside money without having
interest in their work, because of general price hikes.
This has ndverse effect on their performances. In 1973,
the management did try a method of material ineontiv-
based on actual mandays, by providing slecping accomoda-
tion, while they arc asked to work 12 0' clock in the
night, This arrangencnt was made at the hull assembly
of the coastal oil tanker construction project, for a
duration of threce months., That experinent had ~ posi-
tive eficct on the willinghess of the workers and the
time taken for hull assembly was tremendously shortened.
The workers ~nd supervisors also received extra allow-
ances, But prompt payment was not possible, as the fi-
nancicl approvel took a considerable period of time.

The management reclized thaf this type of arrangeoncnt was
only rood for job and piece work and for a short period
of time,

Another method, which is based on the weight
of the completed work has been introduced very recently
in 1975, at the oil barge construction project. This
system has two phases. In the first phase, total bonus

e
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is co2lculated for the volume of weights over the stan-

dard weight (801bs/man-day). At this stage, bonus can-

not be calculated for each individual worker due to

lack of time study staff, In the second phase, the

total bonus for the whole work is divided ~ccording to

the ratios of individual working days or working hours.

This system does not equally affect the workers at dif-

forent trﬂdes.l However, the results seem to be so far

satisfactory and the mancgement is trying to improve
g

+this method. Thus the incentive system in Sinmalike

Dockyard is progressing.

In Pyithu Hluttaw building project, piece

rate system is frequently introduced, so ~s to speed

the rate of workers and to shorten the duraticn of wark,

Inadequate machines and equipmemnt s, lack of skilled
seem to be the main difficulties in the inm-

workers,
As the hirher

plenentation phasce of this project,
cuthority tokes time to nmnoke decisions, the staff who

arc to carry out these decisions are nost often idle.

S RS SEL e S S G S G SED G D S = S S G D G S = ) - S ——

1. Th? hull assembly work involves grenter asmount ot
weight for even an activity, where the outfitting

work involves smnll amount of weircht for a number
Thus the bonus of outfitting wor-

of activities.
ker will be lower than the hull assembly worker
according to this system,
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Under these existing situations of the imdus-
trial environment, CPM/PERT is applied only as research
study, probing into its feasibility and application in

Burmese industries.,

4,2 Research Procedure of CPM/PERT Application with
Respect to the Case Studies.

Lafﬁé nachine manufacturing and oil barge
construction are the two projects, where the trial appli-
cation of CPM/PERT was undertaken with respect to time
analysis at the Sinmalike Dockyard Ccrpo-aivicon, The pro-
cedure of the application was carried out by a2 series of
clearly defined steps, which can be stated as follows :

l. Job and time onalysis.

2. Preparing the activity list and rough network.

3. Modifying the network,

L, TFinalyzing the network.

5. Coding the input data,

6, Punching.

7. Conmputer application,

8. Correcting errors.

9. Obtnining compnter reports.
10. Analysing computer reports to see if it is necessa-

ry to rcfine or revise the logic or time e stimates.

|
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11, Updating and replonning the network,

These steps can be illustrated by a flow
chart, see Fig, ( 15 ), For further explanation, this
flow chart can be generally divided into three phases,
which "are :,

‘(a) Project planning phase.
(b) Computer application phase.

(¢) Proj-ct control phasec.

The decision to apply CPM/PERT is only on
the experimental basis, just to find out whether it is

worthwhile for further application.
(2) Proiect Plonning Phase.

Initial development of the schecdule is des-
cribed as the planning phase, which includes job and time
analysis, preparing cctivity list ond drawing the network,
It is a basic necessity to get a thorough understaﬁaing
of the work where the CPM/PERT is to be applied,

Work and time analysis of the operations in-
cluded in the projects were made with the cooper-~tion of
the persons wlo werc responsible for carrving out the pro--
jects and who sufficiently understood thé operations.,

When the basic idea of the operations inclu-

ded in the projcct was developed, the list of activities
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which constitute the projects were obtained. Before the
network could be drawn, the correct sequence or logic of
the operations was decided upon by consulting the indivi-
duals of the projects. The next step was the preparation
of the network according to the established rules. As
the final network could not be achieved 2t the first at-
tempt, a draft network was first prepared. After redraw-
ing it repeatedly, the modified network was obtained, By
consulting with the individuals of the project whenever
difficulties nroﬁoijlthe drafting process, the final net-
work was obtained, after expressing and clarifying some
points in the modified network. Thus the preparation of
the network was a frustrating process.

One difficulty lies in deciding what degree
of detail in the network is required fb} control, A
complex network whilst being a source of pride to the
person who constructs it, is likely to fail in its capa-
city as a communication document., On the other hand,
networks with excessive details can overwhelm users gnd
tend to get ignored., For these reasons, much detail on
the network for the projects was avoided, By consider-
ing the needs of the individuals who might use them, the
number of activities were reduced to a certain amount

which might be meaningful to then,
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Once the arrow diagram was completed, the
events of the network were numbered, and the three time

estimates for ecach activity in the network were made

with allownnces for the delays which can be encountered
duriﬁg the implementation of the projects., The project
planning phase was completed at this stage. The plann-
ing phase of the case studies undertaken at the S.D.C,

toolz nearly six months,

(b) Conputer Applic-tion Phase.

In applying . CPM/PERT, the¢ reguired ana-
lysis of the networks wns mnde by using the computer at
the Universities Conputer Conter,

The computer npplication phase in this paper
includes, coding, punching, and correcting processes to
determine the start 2nd completion date for cach activity
in the network, the critical paths, expected time for
each activity ond the floats. Before the input . data
for the computer ~nre prepared, it is necesgsary to get
~cquainted with the coding process and the computer re-
ports.

By using the activity lists 2nd time. esti-
nmates, the required input data for processing were coded
on the coding sheets by consulting with the computer per-

sonnel, and by studying the PERT manual., Coding is a

-
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tedious nnd time consuming job, which reéuires taking of
pains in recording and checking. The coding sheets were
then punched on the cnards and submitted to the computer.

The initial results of the computer may con-
tain errors in coding ~nd punching, These errors have to
be corrected, coded and submitted to the computer to get
'the correct results,

Since it was the first attempt to mnke use of
the computer, with its PERT prograom, there were many
errors in the initials results for the projects of the
S.D.C. Becnuse of these errors, there were many rerun
operations before the correct results were obtailned.
Although the results from the computer were obt:ined
within seconds, correcting the errors and punching the

input data cnused the delays.

(¢) Proiject Control Phose,

This phase includes nekirg major changes in
the schedule as the project progresses, revising the
network accordingly ~nd computing new schedules,

When the correct results for the oil barge
construction were obtained, it was found that the re-
sults were not competible with the actual situnation,

due to the mistnkes in time estimntes gnd errors in
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the logic of activity rclationship., Thus the time esti-
nates were revised and the sequence of activities were
rearranged,. . The necessary networks werc redrawn and
the input data for the computer were coded for the new
plans and subnitted to the computer. By this time, the
computef reports rcvealed the actual situation and were
acceptable by manogement for supervising the work.

Hence, it cnn be pointed out that the appli-
cation of CPM/PERT in the projects of S.D.C. ns =n ex-
perinent is successful, Up to this stage, it is merely
the process of developing the fundamencals of the tech-
nicue, ~nd introducing it as 2 trial ~pnlication until
it is acceptable by management.

As the construction of the oll barses pro-
gressed, replanning process was carried out, to demons-
trate how the project can be controlled,

By analysinr the critical path, total floats
and the earliest dates of the criticnl activities, the
sequence of some of these activities were changed to get
a smooth sequence, The new network plan was redrawn and
the input dato were prepared and subnitted to the conmpu-
ter, The results of the computer indicated that the du-
ration of the new plan was more shorter than the previous

plan 2nd was more acceptable,
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As a new labour group wns available for the
oil barge construction project, it wns assigncd -
to the activities on the new critical pagth of the
new plan. Thus the sequ=znce of the critical activities
were rearranhged v and 2 new network was prepared
again, Computer reports were also prepnred for this
plan,

By this time, the results showed that the
duration of the project was the least of 2ll the pre-
vious plans, According to this plan, the difficulties
and problems which cnn be encountered duriag the opera-
tion can also be anticipated with due ~llowance,

By CPM/PIRT, the maonagement of S.D.C, 1is able
to estimate the duration of the project and can coantrol
the progress of work against the schedule, Monagement
'can also analyse the effect of delays and can introducc
alternative methods or °~ put more Labour resources
to overcome the delays. Management is nlso able to change
the plan immedintely when the existing situation denmands.

By realizing these snlient points and how the
original plan can be improved to get better results, the
management of SeD.C. is petting more interested in the
application of &PM/PERT in project management,ond consi-
dering to make use of the teclinique in supervising =~nd

controlling the oil barge coustruction project.
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CHAPTER 5
Bxperimental Avplication of CPM/PERT Technigue..

| Shipbuilding nrojects of the Sinmnalike Doclz—
ard Corporation and Pyithu Hluttaw building projcet of
the Construction Corporation were chosen for the tri-l
of the CPM/P:iRT in project management, to see how far
it would be feasible ~nd useful for management in con-
trolling the work. Therefore, the nature of the study
was more of an experiment to find out if CPM/PZRT ~ppli-

cation was worthwhile for installasion,

9,1 Pvithu Hluttow Building Project.,

CPM/PERT being developed for the mannge-
ment of complex projects, would be ideal in planning,
scheduling, and controlling the Pyithu Hluttaw building
project which consisted of . ccnplex of buildirngs,

Obviously, the successful operation cf this
technique will acclerate the dynanic innlementotion of
the project, enabling the manngement To supervise and
control it effectively.

Although there were willingness nitd enthusia-
sm to try out this techanique, the situation for such an

experiment was not so favourable at the time of the study.
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It was impossible to select the construction work of
one building from the whole complex, for the trial of
CPM/PERT, because the organization was not in a posi-
tion for suchatrinl, as there were too mony project
operations to be conpleted within the set time limits,
Being a priority project, the engineers who were fami-
liar with the CPM/PERT technique could not spare enhough
time to discuss about the possible application of the

technique 2and to cooperate in providing the required

information. Other staff less acquainted with the con-

struction operation and lacking the kn>itedge oo CPM/
PERT would not be the relisble source of informntion
either, Hence, the trial applieation in this case was
abandoned for the lack of tine,

However, it will be worthwhile to study the
organization set up of thisg project, to assist in gene-
ral comprehensior in i=plementation o the projects in
the Burmese industrial environnent, Thus the study of
thé Pyithu Hluttaw building project is to help finding

out the ways and means of executing a project.

(2) The Project Organization.

A project team has been formed for the cons-

truction of Pyithu Hluttaw building project. As the

organization chart is still being prepared at the tirne
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of the study, the arrangement of the project team can
only be roughly stated as in Figure (16).

The “"customer"” for the Pyithu Hluttaw build-
ing project is the Council of State:; The required bud-
get for the project for each financial year is estimated
by the project team for the Council of State, which later
applies for budget sanction and transfers to the Const-
ruction Corporation whenh it is approved. The total bud-
get required for the project is estimnted 1 )» be about
1332 lakhs of kyats.

There exist three committees ian this project.
They are, working committee, coordination committee and
the managing committee. Minister, deputy minister, Mana-
ring director nd directors (director of planning dept.,

Corporation
and dircctor of work dept.) of the Construction/are the
executive conmittee members of the manoging commi tteces
managing director, directors, cltiel angineer and staff
officer I are the executive committee menbers of the
coordination comnittee; chief engineer of the Rangoon
commnnd and staff officer I are the E.C, members of
the working committee. See Fie, (16).

Seven sections included in the working com-
mittee are Architecture, Design, Zstimation, Llecetrical,
Quality Curvey and Research, Sanitary ~nd water supply 2nd

.
-
o
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f 1
Coordination Committee
: .
M.D, | Dircctors 5.0I | c,z
lorking Conmittee
2, adll
8.0, L C.L.
: N
l L l
| v _ ﬁ
|
; ; " i Quality Sur<4 | Sanitary Field |
Architect | Desizn | |Zsti= | Slect=- | |lvey & & Jater ;ork :
ture mot- riecal Resenrch Supnly |
ion } i
S.0.II S.0,II| |S,0.II| {5,0.II 5.0.1IT 8.0. II A.C.0, |
Pig, (16). Sct up of the

proiect tean.

Pyithu Hluttaw building
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Field work, Iach of the six sections has a staff offi- |
cer II as an incharge and amassistant command engineer
is the incharge of the Field work scction. There are
altogether six staff officer I in the Working Committce.

Chief engineer and staff officer I seem to
have the rank of the project monager. Chief engineer is
responsible for the fiecld work, and staff officer I are
responsible for planning. They both assign the work
load to the seven sections included in the working com-
mittee. The individuals in the working committee devoty
full time to the project. There are -oout 200 indivi-
dunls in the seven sections excludins the field workers,
who nre cmployed on daily wages or salary basis.

Workineg committee holds mectings cevery Tucs-
day, coordination committee every Fridny, and mannging
conmitteec cvery WedneSday, to solve precblems, to discuss
work progress and ©o tikc necessary decisiong., Thus
meetings are hold regularly as the work progresses, Mano-
ging Cormittee 1is the top management of the project and
ﬁajor decisions arc made by this committee. Problens
which cnnnot be solved by the working committee are sub-
mitted to the coordination comnittec.,. If this committec
cannot tackle the problens, they arc again prescnted to

the managing committee which mnkes the final dceision,

e R RRRRRER™,
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Staff officer I and chief cngineer are res-—
ponsible for the seven sections of the working comnittee
with respect to when and what of the project activities.
The staff officer II and assistant command engineer are
in turn responsible to staff officers I and chief engi-
neer for the adequate support of the project.

The working cormittee uses many innovative
graphs and bar charts to report the worl progress. ZHe-
- ports are established on a regular rccurring basis. The
drawings for the structure of the building are prep~red
by the Architecture and Design sections. As the dura-
tion of the project is rather lons, the buildings to be
completed within each financial year are first decided,
nnd the drawings and designs are prepared for these
buildings. The activities to be included in the cons-
truction of the buildings oand time estimates for these
activities are provided bty the LEstinate section. Bascd
on these time estimates and activities, bar-charts and
graphs are developed for each financicl year., Labour
requiremcnt is 2lso estimated for the volume of work
included in the bar charts., As there is no spseific
standarad or norn for the labour, estimates for work
schedules nre based upon the judrement of the field

engineer.,
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The nactivities included in the bar charts
and graphs seem rather sketchy for controlling, and
hence they could be inadequate for comparisons between
actual and estimnted performances. The preparation of
work schedules for each work activity is usually of
repetitive nature, according to the frequent chonges
of decisions taken by top management. “When schedules
change frequently, the validity of schedules as an ele-
ment of control is weakenhed. Once the schedules are

drawn they are not usuaclly wupdated aos the work pro-

gresscs.
5.2 Experiments at the Sinmnlike Dockyvard Corporation.

The Sinmalike Dockyard Corporation is a bu-
siness orgonization and the projects undertaken are the
on-~oing types. The corporation is involved in eonst-
ruction, repairs and mainterance of shipr, and manufactur-
ing of spare parts, tools and equipments. The organiza-
tion chart is prepared in detail, see Figure (17)a and
(17) b in the appendix. Figure (18) is a simplified
version of the orgnnizational arrangement of the 8.D.C.

The Dockyard has 4 major departments, vis.
Engineering Stores, Accounts and Personnel. As at
November 1974, the Engineering department has 693 per-

sons and the remaining three consistci of 249 persons.
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Managing Director

Deputy Managing Director

e

General Manager

.

Lngineering Adninistration Stpres Account]s
Dapt, Dept, Dept, Dept,
Chief Manager Stores Officer Chief
dngineer Accountant
i
wee g = - 1
Hul} fdminis- inspect- Costing
design tration ion
:
Machine Personnel { Collect~ Machine -
desifn ing. A/C i
Zlectrical Furchas- A e
design ing PUdgEt -
Foundary Bills
{
Ship Cash
building ‘
Ship Internal
Tepalr Aulit,

Fiz, (18), The organization set-up of the Sinnalike

Dockynrd Corporation,
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The future set-up énvisaged is a total of}1303 persons
in Engineering and 664 in the remaining three departments.
The invested capital of the corporation is approximately
6001akhs of kyats,

Managing director and deputy manazing dir-
ecto:’are mostly concerned with policy matters and making
major strategic decisions. The general manager is mostly
engaged in dectail performances of the corporation. The
procedure for the implementation of new proiezts in the
Dockyard is as follows.

When the customer enterpr.se =pprocaches the
organization with a new job, the top management decides
whether it is technically feasible or not. When a new
project is approved to be launched, the general manager
plansy controls and coordinates the activities involved
in the development of the project, supported by four
major departments. No contraciual sgrceoments have been
made with the customer until 1975. Only informal commu-
nication was made between the customer enterprise and the
corporation. As the corporation is starting to run on a2
commercial basis in 1975 , documental  agrec- . -
ments have been made with the customers since then. The
agreements usually included terms of payment on the part
of the customer enterprise and the penalty clmuse on the

part of the S.BCG if due date is not met.
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When a new project is decided to be executed,
the designs and drawings are prepared by engineering de-
partment. The activities to be included in the project
are fixed and the time duration of these activities are
estimated by the design engineer, to prepare bar charts
for the work to be done. Because of the lack of gdequate
planning staff and uncertaintics involved in the provis-
ion of materials, the initial schedules are developed
without further updating and devail shedulirg. Thaiis pro-
Jects are executed without systematic planning and sche-
duling and problems are recognized on.y when they occur,
However, coordination meetings of the individuals takin;:
part in the project implementation are held frequently,
To discuss the progress of work, and to take corrective
actions., For such a corporation like SD.C. market rescarch
should be undertaken, in order to ferecast the prospecct of
the corporation for the ccrming future, Up till now, the
corporation has not yet carried out any market research,
and it is difficult to stimate the potential customers.

Managing director has specifically defined
the responsibilities of the individuals of the corpora-
tion. But it secms that some personnel and staff have
to perform the duties which arc not according tc those

specifically defined. Although specific positions
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required for the organization are defined in the organi-
zation chart, many important posts have not been fulfil-
led yet.

The main study of CPM/PERT application was
done at the SD.C.yunder such conditions mentionecd above.
Lathe machine assembly project and oil barge construction
project were tried out with CPM/PERT with the services of
the Universitics Conmputer Center,

(a) Application of CPM/PERT in thec Lathe Machine

Assembly.

The plan to manufacture lathe machines in mass
production was started in 1974. As the prototype was not
developed before, the lathe manufacturing was still on the
experimental stage. Thus, thc need to monitor and control
this project was not so urgent in such a situation. How-
ever, lathe manufacturing was tried out with CPM/PERT, so0
as to get a basic idez of how *he technigque would assist
nanagement in developing a manufacturing and assembly se-
quence and later in general scheduling.

By using the nctwork plan developed by CPM/
PERT technique, the management fixed the scquence of
opcecrations included in the lathe manufacturing and study
to improve the plan with better alternatives, to meet

the time objecctives, By doing sc, the basis for planning
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and controlling the manufacturing process could be asscr-
tained, once the Dockyard launches thc mass production of
lathe machines,

(i) Prcparation and VWork Analysis.

All projects consist of separate, but intcr-
rclated operations. In CPM/PERT those are called activi-
ties. The first stage in applying the technigue is tc
obtain a list of all activities, which constitute the pro-
Jeet to be scheduled.

Regular visits to the SDC, were madc starting
from Jonuary 1975, to study lathe renufacturing, .After

A the specific parts included in the lathe machines have
been produced, the assembly of lathes was carried out.
Lathe machinc manuals, dcsigns and drawings of the parts
included were intensively studied., Discussions with the
vorkers and engineers were made during regular visits to
the maching shop.

As there were 662 parts inciuded in tho lathe
assembly as 2 whole, it wns a problem tc fix the degree
of detail that should be included in the network. After
considering the sizc, complexity and duration of the pro-
ject, and the needs of the individuals who might use the

network results, it was decided that the lathe machine.
shall -be divided. inte seven cateégeries and subdivided into

58 bigger units,
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After a successive reviewing process, a list
of activities numbering 358 came out as the final list of
activities required for the lathe machine assembly, .see

figure (19

(ii) Plamming and Scheduling.
- After the activity list was obtained, it was

quite a difficult task to fix the sequence of these acti-
vities. A group consisting of seven workers was to carry
out the lathe assembly. A single shift was available,
working eight hours a day. Based on this resource group,
the lathe assembly was divided into seven categories as
follows (see Fig(2) - Fig.(27) in the appendix. )

1. Cabinet assembly

2. Bed

3. Tailstock

4, Headstock

5. Saddle and slide

6. Apron

7. Gear box (2 types)

Each worker was assigned to each of these cate-
"gory, and the sequence of activities was fixed according
to these cateogories. By dividing into such categories,
the network plan would be a technically accurate represen-

. tation of the plan to be followed. & draft network plan

P spe——— e L L L TR Rl ik o

1. See appendix.
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was developed from the list of activities and their sequ-
ence, in accordance with the rules mentioned earlier in
chapter 3, By making necessary changes again and again,
the final network for the lathe assembly was prepared
with 58 activities,scc Fig. (28).in the appendix.

Events .were coded with combination of letters
and numbers with respect to the seven categories, For
exanple, C@, C02, CO3.... for cabinet assembly, BO}

B2, BM... for bed assembly, A0l, ACR, AOR,.. for apron,
HOl, HO2, HQB... for head stock, GOl, GO2, GO3... for
gear box etcs The start event is lauled 300X arnd the

end event 9999.

The next job was te put time estimates for
each activity. As the workers involved in the lathe
assembly were merely aporentices, they could not estimato
tho time duration for each activity by viewing the net-
work cr the activity list. Thus, the personal obsérva-
tion method was adopted, to discuss with them and to
observe their operations during their working hours.

Most of the parts produced or molded for the
lathe machines ard not accurate, making it necessary
for further remake opcrations, such as machindng, shap-
ing oand grinding. As the workers arc not skilled enough,

these remake operations are quite considerable and time

consuming.
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On the other hand, the machine shop of the
Dockyard, where the machining operations arc carried
out, has to provide scervices not only for lathe machine
assembly but also for repair, maintenance and shipbuild-
ing works. Thus, the machine shop is. over loaded, and
a considerable time elapses to remake the parts required
for lathe machines.

The three time estimates (in minutes) were
made (optimistic, most likely and pessimistie) to in-
clude allowances in such a situation.

(iii) Computcr Application.

The program-for CPM/PERT is already availa-
ble in the ccmputer of the Universities Computer Center.
It is the ICL 900 series PERT Package. The 1900 series
program has special program facilities for dealing with
the complexities of interrelationships and scquencing
problem, The 1900 serics PERT Packege is o comprehen-
sive set of linked conputer progrars to provide project
planning ~nd contrcl by means of time analysis, resourcc
analysis and cest analysis,

However, only time analysis was made for the

lathe assembly, as it was the first project tc be tested
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| 1
with the CPM/PERT in this study.

Time Analysis program allows management to
plan projects on a time basis and to ensure that sound
work schedules are prepared. The Time Analysis program
calculates the earliest and. latest start and finish
dates for all activities in the network. The printed
out may take one of two forms: it may consist of lists
of activities or events in various seguences, such as
by earliest or latest start cr finish scquence sr by
total float sequence, or it may be bar charts of acti-
vities., Both format may be used tc highlight eritical
path activities. If the schedules produced arc unaccep-
table, the network may be revised and re-analysed until
statisfactory results are obtained. The sequence of
items to be printed may be varied by thec uscer. The pur-
pose of Time Analysis program is to reducc multiple tine
estimates to an exvecled time and t> use thcse estimates
of activity durations as specified by the uscr in calcu-
lating the following:

1. Dr. Kin Maung Kywe tested the CPM/PERT pckages during
1973 and 197%, in outfitting operations of "Hluttaw".
the first coastal oil tanker cever built by the SDC.
See "Application of Computer and PERT Technigue in
Management Control of Industrial Projects (An Experi-
ment at the Sinmalike Dockyard )," mimecgraphed mate-

ié;i, Department of Commerce, Institute of Economiecs,

]
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1. The earliest and latest dates at which the events
nay be achieved.

2. The earliest and latest start and finish datcs for
activities.

3. The amount of total floats on activities and slack
on events.

4. The critical path through the network.

After the PERT Manual was thoroughly studied,
the coding sheets were prepared for lathe assembly, sce
Fig. (29)} They were coded in such a way te geb the do=-
sired results. The coding sheets were then Key punch-
ed and submittcd to the computer., The results for lathc
machine did not come out easily. Mistakes in coding and
key punching and correcting the crrors caused considera-
ble delays.

The final computer rcports fcrm the basis for
improving the lathe assenbly method, vhen the mass product-
ion of 1lnthes is carricd out. Management can control the
lathe assembly work and make timely corrections for diffi-
culties cncountered. Adjustmnents can also bc made with
the activities which are critical to on-time project com-
pletion., By analysing the computer rcports, Manageoment
can determine valid reans of shortening the time along

the critical path, by applyinz new rcscurces or additionnl



126

funds. which are obtained from those activities that

can cfford it, because of their float condition,

(b) Avplication of CPM/PERT in 0il Barge Construction

Pro ;I ect ®

S.D.C. has made contrsctual agreements with
the Petrochemical Industrial Corporation since December
1975, for the construction of twelve 500-ton cil barges.
It was agreed that the Dockyard Cofporation rnust produce
and deliver twelve oil barges within ore year, and if
the delivery date is later than the agrcecd date, the
corporation must pay penalty. Thus, it is the first
project to be launched in S.,D.C. after the adoption of
commercialization policy in state enterprises in 1975.

It is obvious that whether the corporation
can deliver the oil barges on the required date or not,
is the deternining factor of the profit or loss of the
corporation., If each oil barge can only bec completed
carlier than the expectcd date, their float time can be
used fruitfully in the construction of the next cil bar-
ges. Thus, the necd tc monitor and control this project
is so urgent in such a situaticn., A4As the CPM/PERT cxpe-
riment in the S.D.C. is based on the construction of five

oil borges, it has become useful for the management after
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conpleting the fifth oil barge, as the computer reports
serve a good basis for replanning and rescheduling.

The process of CPM/PERT application: im o0il
barge construction project with respect to time analy-
sis is morc complete than the lathe assembly project,
because it considerced all the steps that should be in-
cluded in this preocess, which 1s mcntioned and explained

carlier by a flow chart.

(i) Preparation and Work Analvsis.

0il barge constructicn is Aivided irlc =wo
parts; hull assenbly and cutfitting work. The oil barge
consisted of six blocks or sceticnsy forepcak scetion or
block 1, aftpeak’ scction or block 6, and blccks 2, 3, 4,

5, Each part is built separately and are later assembled

together. In othcr words, the Dockyard follows the modular

nethod in oil barge ccnstruction; sce Fig. (30) - Fig.
(33) in the appendix.

Regular visits werc made to shipbuilding de-
partiment where the oil barges were constructed. As the
sequence of jobs included in the oil barge ccenstruction
was 80 complex, it was difficult to combinc hull assenb-
ly and outfitting works in 2 single network. Thus, se-
perate network diagrams werec prepared for nhull assenbly

and cutfitting werk.

L -
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The nmultitude of work in preparing the list
of jobs and the work sequence of each dctail of the task
involved in hull assembly and outfitting was discourag-
ing., After an intensive study and serious discussions
with the engineers, the list of jobs included in the_
hull assembly and outfitting work were prepared as in
Fig. (19) with 167.activities and (67) activities res-
pectively.

It was a hard task to fix the sequence of
these activities. However, by vcviewing the dependent
activities and independent activities repectedly, the
sequence cf activities was finally established. The res-
ponsible personnel for the oil barge construction were
asked to review the activity list and their sequence, in
order to confirm that the activities included in the hull
assembly and outfitting work werc accurately and realis-

tically covered.

(ii) Planning and Scheduling,

Eight groups of workers, consisting four pla=-
ters and three welders in each group, were assigned to
carry out hull assembly; whercas two work groups with
six workers in each group, were available for outfitting
work, There were two shifts of workers working sixteen

hours a day for both work,
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The creation of the network 1is a fairly de-
manding task, as it has to indicate the nﬁmber, kind and
sequence of activities necded to execute the project. To
simplify the process of drawing the network, the entire
hull assembly was subdivided intc nine groups namely,
side plate, deck plate, floor unit, blocks 1,2,3,4,5 and
6,i depending upon the available work groups. The
draft network for the hull assembly was drawn with 167
activities. After drawing a series of successive drafts,
the final network for hull gssembly was developed seﬁ' :
Figure (34)Plan 1} Thus the constructicn of network was
2 tedious and timec consuming .job.

In coding the events, the letters correspond-
ing to the above nine categories were combined with num-
bers, as it was done in the lathe assembly. The six
blocks were numbered one te six. For cxample, Bl for
block one, B2 for block two, B2 for Ltiock threce and the
like, For deck plate, it was labled DK, for side platec
SP and for floor unit FR etc. Thus, the cvents were num-
bered according to the type of wcrk to be performed.

The network for outfitting work was prepared
with 67 activities. To get a clear presentation of the
network, activities involved in fixing anchoring equip-
ment were divided into two groups namely anchoring equip-

ment group I and group II. idActivities included in fitting

G G SR G SR G GEn S G B GED S G S G bl D Sl S e G A G G S

l. See appendix,
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and fabricating pipes and valves were formed into S.V,
group, i.c. ships valve gréup. Activities for fabri-
cation of bollards, towing bit, and pushing block were
named'M.group% After improvemcnts were made in the
draft network, the final one for the out fitting work
was obtained,. scc. Fig. (35)% In numbering the events,
the letter F was fixed infront of the numbers such as
F01l, FO2, FO3... to indicate outfitting work.,

Outfitting work is required to be carried
out during the hull assembly of six blocks, and alsc
after the assembly work is completed. If the det.:ilgiof
hull assembly of six blocksarc to b¢ included in the
network for outfitting work, thé network will not be
clear and concise, Thus, only the main assembly work of
the blocks, where the outfitting work can be carried out
before and after the assembly work, was included in the
network for ocutfitting.

As the network for the outfitting work in-
cludes the genéfal overall work of the cil barge, it
can be labled master network, whereas the network for
the hull assembly can be labeled subnetwork, since it
only shows cevery deteil of hull assembly work for the
six blocks,

After the network configurations were devel-

oped for the oil barge construction, the next job was

1, Mooring cquipments,
2, See appehdix.
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to put three time estimates for each activity. Hull nssen-
bly . could Dbe delayed, because of breakdowns of na-
chines, such as crane, shear machine, folding machine
and hydraulic press., Hull assembly needs skilled wel-
ders, as there arc¢ considerable ocnount of welding op-
operations included in hull assemblv, A welding opera-
tion needs a vast expericnce, When the welder comes to
a complicated part of the ship, he has to know how to
weld in a difficult situation, a: well as the sequence
with which the welding must te earried out, If the
welder is not skilled enough. remake cj21ations will be
many., Foundry - and manufacturing department "2ré res-
ponsible for the fabrication of parts for the hull assem-
bly and outfitting work. The finished part is tested
and renade, if necessary, until it is accepted as sa-
tisfactory.,.

Under thes= aunditlons, estrmantion of tinme
(in hours) for each activity tended to/gsbitrary, al-
though it was made with due care to include possible
allowances. However, the time estimates had come close
to reality after completing the work for five oil bar-
£es.

(1ii) Analyvsis by Computer,
Time analysis was made for the hull assembly

and outfitting work, The input d~ta wns coded on the
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coding sheets as in Fig. (29) and then transfered to
punched cards and submitted to the computer as in the
case of lathe assembly described above,

The available shifts of workers, total working
hours a day, and the required sequence of reports
were included in preparing the input data for hull
assembly and outfitting work.

As the number of activities were consider-
able, the hull assembly had to run seven times, and
the outfitting work had to run five times on the com-
puter, before it come up with the correct computer
print-outs or reports,

Five types of computer reportsare made
available.l The computer reports show the calculated
average time for each activity. The completion time
for each activity is given in calendar dates.

When the network has been constructed and
the results assembled in such convenient manner, the
plan can be examined in its entirety. There are two
main questions to answer. Is the plan a satisfactory
way of carrying out the project ? Is it the best plan?

The first computer reports showed that, the

duration of the master network was 21 days2 while the

P el et

appendix.

2. The duration of the Network plans (in days) are com-
puted from the calendar dates of the computer reports.
These durations exclude sundays.
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duration of the subnetwork was only 58 days, which was
illogical, As the master network included the overall
operations of the oil barge construction, its duration
should be longer than that of the sub-network, which
included only the detail of hull assembly,

Upon reexamination, it was found that, the
time estimates of the hull assembly were nearly 60%
more than they should he., It was also found out that
the network for outfitting work left out some cctivi-
ties of hull assembly which should be included in 1t.
Thus, the results 6f the first attempt of the CEM/PSRT
anplication were rejécted, as theywcr: far from reali-
tye.

The time estimates for the hull assembly
were revised, and the master network was redrawn,see
Fig, (35)., The input data for the revised schedules
were prepared and subritted to the coipuler again.

The second computer reports indicated that,
the durations of the master network would be (29) days
and that of the sub-network would be (28) d-ys, which
were quite realistic. Further adjustments can be made
within the context of the performance of the workers

and working conditions. However, the corporation will

be able to produce twelve oil barges within a year,
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according to this network plan,
(iv) Replenning the 0il Barge Construction Work.

As the project progressus,~it-is ncesssary to
make changes in the logic, as the d emands of the situa-
tion varies., Thus the project network should be replan-
ned accordingly, to render it vilid as an effective con-
trol tool for management,

In general terms, it is necessary for the
corporation to construct the oil barges at the rate of
one every month, If the hull assembly time can be re-
duced, the probobility of meeting the target date will
be increased. According to the computer reports, the
cirtical path of the subnetwork showed that the critical
activities were those of the assembly of the six hull
blocks, see Fig. (34),Plan I, As the critical path con-
trols the entire work, the attempt to reduce the time
through this path can correspondingly recuce the duration
of the hull assembly,

After a check was made fqrther down the compu-
ter reports where the total floats were computed, to és—
certain whether the activities included in the change
have cnoush total floats, the sequence of some of the
ceritical activities were chanred and the sub-network was

redrawn , sce Fig., (36), Plan 2 .in the appendix.
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The input data for this new plan was repre-
pared 2nd submitted to the computer. By this time, the
third computer reports indicnted that the total durationof
the sub=notvork - would be (23) days and the new critical
path moved to the a2ssembly of deck plate and beam 1nd
girder operttion, sece Tin., (36).

Up'to this stage, the hull assembly would
take (23) days and the outfitting would take (29) days.
According to thils plan, it 1s quite certain Lhal The
corporation will be able to meet the target date of de-
livery in time, However, provision of allowances for
the w:ipredictoble risks was absent in this situation,

One way of reducing the critical path .ia
by assigning more workers to the critical nctivities.

As new labour groups for outfitting work and hull assem-
bly were available, the master networlk 2nd sub-work
were reprepared, by assicniiy the new labour sroups to
the critical activities.

The critical path of the sub-network, being
the agsembly of deck plate and beam and rirder opera-
tions, thesc two operations were separated, and a new
labour. group was assipgned to eacl. operation with the
network redrawi, see Fig. (37), plan.3 in the appendix.

As for the cutfitting work, the critical
path being the assembly of hull blocks, see Fig., (35),

it was scparated into two parallel coerations
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(assembly of blocks 4 and 2; assembly of blocks 5 and 3),
ahd a new labour group was introduced to each operation,
and the mésfer network was reprepared; sce Fig, (38)}

The input data for the new plans were prepared
and submitted to the computer. The fourth computer re-
ports indicated that, the duration of hull assecmbly would
be (19) days and for the outfitting work would toke (22,
days. By this time the results were more satisfactory
from the point of view of management. The desree of cer-
tainty is jincreased ip fulfilling the customecrts ordor
within the target date, even if the co-pcration encoun-
ters some disturbarces during the implementation orocess.

By using these network plans and computer re-
ports: management can detect the inevitable divergence
€rom the targets in adVAnce and can. take corrective ad-
justmentse. sIt can also ecasily impro;e these network
plans if new alternatives 2re aveiloable depending upo::
the dem2nd of the customer enterprise. It pinpoints
attention to the small subset of operations that are
critical to project completion time, thus contributing
to more accurate planning and more prccisc control,

The network chart is an exéellent tool for
communicating scope, as well as details of the opera-

tion to other persons directly and indirectly concerned,

The completion of each scheduled activity provides a

l. See appendix.
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measurement point and a concrcte stage for assessment of
progress. A delay of any one activity can be asscssed
for its effect on the overall prcject duration, and steps
can be taken to adjust personnel assignments, or to work
around the delay, if the activity is critical to on-time

project compltion.

(c) Human problems of CPM/PERT Application.

One of the problems associated with CPM/PERT
application is duec not to the inadequacy of thc techniquc
itself, but rather to the failure of managenent to accept
is application., For many reasons, rclated to human rela-
tions, top managecment has not been eager in pcrsuading
both opgrational managers and technical personnecl tc use
CPM/PZERT.

The top management fears that the cost of
implementing CFM/PERT, including its impact on the opera-
ting organization may be too high for the crganization to
afford it. Having no experience in using the technique
as in the case of the Simmalike Dockyard Corporation,
the top managcment is prepared only for the research
stage. The implication is that, the top management it-
self needs to understand the technique and its work di-
mensions, leave along the widespread application within

the organization.
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The rcesistance to change stems from fear of
the unknown or from dread of the uncertainties. Fears
thrive on lack of knowldge and are generated when men an-
ticipate unknown changes that may affect them adversely.
Because of the detailed planning demanded by the CPM/PERT
technique, those operating personnel, who are not familiar
with the technigue fear that the top management may use it
for tight controls. Hence, they are unwilling tc provide
higher management with a detailed plan or even to carry
out any detailed planning at all. The fear that they
would never be able to master it, is one of the greatest
obstacles in an effort to try the technigue.

The operating managers on the cther hand nmay
be well equipped with the theorectical knowledge of the
CPM/PERT technique as found in the case of the Sinmalike
Dockyard Corporation. From their viewpoint, the situation
is a complex and frustrating cne. The desire to scll the
idea of the tcchnical application to top management is as
much strong as the doubt to convirnice themselves if the
workers would be willing and able to comply with the tech-
nique in the given situation.

If CPM/PTRT is to be applied as a control tool,
there must be a disciplined work force. Any attempt to in-

treduce discipline is liable to be resisted by the workers.
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Thus the operating manager must confront the problem of
making fhe workers understand to accept a new technique.
Moreover, it would need to devise a more systematic pro-
duction control system which requires a general involve-
ment of the personnecl of 2ll levels within the organiza-
tion. It might amount to the whole-sale change in work
prccedure in the S.D.C.

The attitude of the people working on the
projcct are more important than the management control
and tools, Due to lack of work discipline and duty con-
sciousness, operating personnel usually have a sense of
acquiring welfare and wage rather than taking pride in
achievement and skill through their experience.

Under these circumstances 1t might be said
that CPM/PERT could be applicable only at the project
manager level., Project managers may be well acquainted
with these techniques and the benefits obtained by then.
But the actual applicaticn of the technique as indicated

above would nced a tremendcus work in dealing with human

problems of the organization.
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CHAPTER 6
Conclusion

JEPM/PERT provides ﬁeans of determining
which jobs or activities of the project are criticél
in their effecct on total project time mnd how best to
schedule all jobs in the project in order to meet target
date at minimum cost.® Computationally CPM/PERT is a
very efficient method for calculating optimum solution.
Since its advent in the late 1950's, CPM/PERT has ma-
terielly alleviated the communication barrier hetwecn
differcnt skills, different levels of management and
different organizations.2 Furthermore, they have im-
posed a uniform measurce of the expected quantitative
impact of deccisions with regard to project plans and

schedules., -

6.1 Experience at the Sinmalike Dockyard Corporation,

The applicability of CPM/PERT in Project
management has been experimented nainly at the SDC dur-
ing the pericd when the corporation has to fulfil a con-
tractual order of twelve 500 - ton oil barges within the

time limit of twelve months.

el ——

l. Ernest Dale and L.C. Michelon., Modern Manarcment
Methods. (England5 W. Foulsham & Co. Ltd, 19335. B lB0 .
2. R.Lo I\iartino, Op.Cito, p02ll
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By using CPM/PERT, a feasible plan can be
formulated to finish the project within the time cons=-
treint. It is necessary to construct one oil barge
per month on the average, if the contract of the oil
barge construction project contract is to be completed
within one year. According to the plan formulated by
CPM/PERT techniques, it will ke even less than one
month to construct an oil barge.

As mentioned above, penalty must be paid
if the Dockyard cannot handcver the oil barges within
the contracted period. By implementin_G tne suggestad
plan successfully, it is certain that the project will
be complcted in time, and it will save the corporation
from paying penalty. Besides, the¢ customer will also
be satisfied as their order can be fulfilled according
to the contracted time, and more important, they will
have confidence in the corperation.

An cnterprisc that cannot plan systemati-
cally will not be able to competc with others. The
target date will be unknown, and the¢ customer's confi-
dence cannot be gained. In the pcst, the corporation
had the expericencc of being unable to supply the orders
in time and lost many peospective customers. At that
time, it did not matter much, sincec the corporation was

not running on commercial basis.
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As the corporation is working on cormercial
basis at present, it is very important to gain customer's
confidence. Only then,the corporation will have enough
volume of work éo as to incrcase the probability of ob-
taining profit. Without a systematic plan, it will not
be certain that the project will be completed at the tar-
get date and no custoner can be expected to have confi-
dence in the ability of the corporation.

By applying the CPM/PERT technique in projoéf
management,the Sinmalike Dockyard Corpcration and other’
corporations which are running on cormercicl basis, (c.g.
Construction Corporation ) will be able to formulate sys- .
tematic plans to manage their projects effectively. Therc-
fore CPM/PERT can be an 2id to project meanagement of the
Dockyard Corporation and other corporations,to run their
business successfully on commercial basis, which is the

guiding policy of thc government.

6.2 Factors to be Considered for the Succecssful

Application of CPM/PERT.

The CPM/PERT is 2 new and powerful manage-
ment tool for planning and control of all types of pro-
jects. Théugh the technique has been extensively and
successfully applied in industrinlly developed countries,

the experience at the Sinmalike Dockyard Corporation and
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Construction Corporation reveals that there may be a
number of factors impeding the application of the tech-
nique in the Burmese industrial enviromment. These

factors can be stated as follows.

(a) Organizational Arrangement.

The existing organizational arrangement in
Burmese industries seem unable to cope wih project moni-
toring and implementing process through CPM/PERT techni-
que. Experience at the S.D.C. and Construction Corpora-
tion indicates that organization for pvoject implementa-
tion is far from being able to make effective planning
and control, The functions of staff and personnel are
not clearly defined and their actual performances are
not in accord with what they should be, resulting in
improper assignment of duties. What is evident in most
cascs 1s, inadequate inspeciion systenr; lack of soo0d
management discipline, inadequate delegation of respon-
sibility . and authority, and inefficient follow-up of
work progress.

Planning and controlling projects through
the use of CPM/PERT demands proper management discipline,
which includes strong management control at planning and
controlling phases, smooth coorporstion between executive

and technical staff, and efficicnt management reporting
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systenm. Becausc of the lack of proper management disci-
pline, project failures will often be blamed on the CPM/
PERT rather than on the management which has failed to
grasp its potentials.

T'.e activity which has the most far reaching
effect cn the project is the extent, detail and recalism
of project plans, Unfortunately, there were no specific
departments for planning and control of projects in most
of the industrics in Burma until 1968. Planning is not
yet efficient and systematic. Usually, there is not
enough tine for planning, betwecen, decisicn and execut-
ion. In some cases, frequent changes of decisions makc
planning impracticable and the work is delayed.

Most often, groups or departments, although
on the same project, operate in almost isclation frono
one another with no cocrdination between their work.
Considerable time clapses from the noment a need for
certain action is recognized and the correcctive action

is taken and carried out.

(b) Assistance of Personnel and Workers.,

The task of preparing valid network diagrams,
and the logic of the strategy of the projcet, and obtain-
ing tinme cstimates for activities, rcquire persons who

are qualified cnough to understand the CPM/PERT technique
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and who have the experiencc in scheduling work., At least

one member of the planning team should be familiar with

the data processing operations and procedurcs.
It scems that there are only few qualified

perscnnel in Burnesc industries, who will be able to

cxecute CPM/PERT application. There is alsc a gcneral

feeling that promotion to better paid jobs is responsi-
ble for the increase in satisfaction of the personnel

and staff. As the promotion fcr personnel =znd staff is

usually dclayed, qualificd staff lock for better jobs,
resulting in inadeguate personnel and staZf,

Lack of technically trained workers (ie.
skilled workers) may also be a limiting factor in apply-
ing CPM/PERT techniyue, which will cause rcpetition of

work, wasteful delays, and overruns of costs. Becausc

of low income, some look for outside money during their
working hours, causing abscncecs and 2 Jecline in their
productivity. As the incentive system is not widely

introduced yet, in most ceses, workers lcse interest in

work and their idleness formed a bottlencek in carrying

out their work continuously. Recruitment and training

of personnel and workers seem to be inadequate in most
industries. Unless therc is a keen assistance of quali-
Tied staff and skilled workers, application of CPM/PERT
will not be effective,
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(¢) Procurenent System,

One of the fundamcntals of CPM/PERT techni-
que is that each activity must be viewed in isclation
on the assumption that 211 neccssary rescurces (labour,
materials, and funds) will be available,

Becausc of the difficulties in precurement
system, both foreign and local materials are often of
low quality, and inadequate supply cmasc considerable de-
lays. On the cther hand, lack of specific machines,
obsolescence of machines, low gquaiisty =7 l-cally prodi-
ced tools and cquipments cause extra work and wastages.

The crdering of materials and equipments
nust go through a procedurc invelving several steps.
Since there arc no national cngincering standards on de-
sign and quality control, thc process of procuring ma-
terials and equipments is ccmplicated and tine consum-
ing. In most cases, hecing a scarecc rescurce, sufficient
budget is usually not availeble and obtaining foreign
exchange is prolongcd. Thus, the compietion of projects
within origzinally planned tine and cost targets becone
increasingly difficult. Difficultics in procurcment
system may also be deterring factors in CPM/PERT appli-

cation in Burmese industries.
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(d) Attitudegof Tép"Méndgeﬁent and Operating Personnel.

Without the interest and enthusiasn of the
organization concerned, the introduction of the CPM/PERT
technique as a planning qnd control tocl will not at all
be successful.,

The attitudes of the people working on the
project, determinc the success cr failure of the intro-
duction of CPM/PERT. Management control and tecols arc
only a franework and a measure for projcet operations,
The real substance of a project is the work perforred
by the pecple assirsned to it. The enthusiasn that they
have for the project nay be worth more than PERT.

Therc is a general feeling that the top nman-
agenient is interested in any kind of improverment. in effi-
ciency of the organization, but the operating persénnel
is ignorant of what the improvements will rican and they
have no rcadiness for new experience. Since there have
been lack of duty consciousnecss, and lack of work disci-
pline due to nonctary inflation and © improper managce
ment of the supérvisors} operating personnel night have
& scnse of acquiring welfare and wane rather than taking
pride in achievenent and skill threough their experience.

Thus, it may be difficult tc coordinate thenm to provide

T ey e T T ey S S et B G S St B e B L e S S

l. This peoint is also stated in the "short torn and long
tern cconomic policy of the Burnz Socinlist Progran

Party", 1973, (in Buracsc). p.25.
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the top management with the information required for
detailed planning by CPM/PERT technique.

One obstacle standing in the way of full
utilization of CPM/PERT system may be "resistance to
change" by the operating personnel. Workers usually
resist attempts by management to alter familiar work
procedurcs and to modify existing work regulations.

All people tend to resist changes that they
do not understand. The would-be CPM/PERT personnel and
workers are individuals with human emotions, hopes and
fears. Just becausc top management hclus that the CPM/
FERT system will advance the best interest of the enter-
prise, one cannot assume that this same opinion is shared
by the employees. The fcars of employees may concern
loss of job, reduction of wages, and increase in working
hours cor intensity of labour.

fny program is likely to fail simply if the
need cannot be established prior to the attempted in-
troduction. Since needs are not experienced in the samec
way by all concerned, no one ncod-satisfying objcet will
necessarily be acceptable te all.

In many instances, resistance to change noy
be due to lack of interest, of practical appreciation of

the need that might be fulfilled by the application of
CPM/PERT,
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Thus, unaware of the potentialities of the
CPM/PERT technique, and benefit obtained, the operating
personnel nay not understand the need for accurate and
" timely action on their part for the application of the
technique. Without the eager response of the operating
personnel and top managemecnt,the implementation of a
planning system through CPM/PERT technkque will not

yvield any favourablc rcsults,.

6.3 Suggested Procedure for CPM/PERT Application.

Project planning and control Ly CPM/PEQRT
could in duc course bring the state cnterpriscs nearer
to the goal of fully cormercialized organizations. As
any practical application of new techniques take tinme,
the objective should be progress, rather than perfect-
ion in applying the tcchnique. For this purpose the
follcwing factors should be considered.

(2) Before the Application of the CPM/PERT technique,
the top managenent should first te oricnted and become
acquainted with the technique and ~1its capabilities
in saving timg, resoufces and costs. Without the top
nanagement's appreciation for the systens and nethods
uscd, no worthwhile resulte can be expected,

(b) Manpower planning should inelude recruitnment,

training progrems and educational programs, for the long
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tern development of skilled werkers and qualkfied per=-
sonnel, Suitable material incentive systems should be
installed widely and effectively so as to increase the
productivity and efficiency of the operating personnel.

In any case, a scnse of achievement, rather
than acquiring welfare should be formed as part of the
workers attitude, so that they can take pride in their
work and satisfaction in achievement earned by their
day's work. The ccopecration of the Pecples' Workers!
Council and Lazin Party should be instrumental in prono-
ting the correct cttitude and morale oi the werkers, and
coordinating them, as stated in the economic policy of
the government.

(¢) Organizational arrangement is an important
factor in the application of CPM/PERT technique. With-
out the proper organizational arrongement, the technique
cannot yield benefits. Thus, the arrangement should Dbc
revised, and requircd actions sheuld be taken. The res-
ponsibilities and duties c¢f the operating perscnnel
should be clearly defined so that their performances may
be efficient. If 2o clear delincation of rights to su-
porvisors could be effectively introduced, as stated in
the econonic policy of the government, the difficulties
¢ and disturbances in the project implementation process

will be reduced to the minimu without delay.
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Resistance to change that stems fron fear
of the unknown or from dread of the uncertain can in
large nmeasurc be minimized by an effective communica-
tion system. Lack of reliable information on which to
base a decision is one rcascn why men have at times
inpeded the introduction of new metheds. Once the rea-
sons for the application of new techniques became kncwn,
the man involved in the shift will probably begin asses-
sing its impoet upon their work and their positions. There-
fore, sufficient information ccacerning not only what is
going to happen, but also why it should, cught tc be pro-
vided when introducing the new technique. It is also
necessary to motivate the would be CPM/PERT personncl,
so that they may eccept and support the changec.

A separate planning team should be formed,
who will prepare the charts, graphs, abstracts, reports
etc.e This tcam should acts as tke main goneral informa-
tion center and exchange. The members cof the teom should
be knowledgeable in thc mechanics of CPM/PERT technique,
and they should be familiar with computer operations.

(d) In procuring raw naterials, tools and cquipnents,
the local industries which having their cwn production
targets tc be met, could not serve adequately as suppliers.
Thus, the cooperation with the allied corporations and

proper contracts should be made in procuring lceal raow
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materials and equipments, so that the required quality,

3 and quantity could be obtained whenever necessary. How-
ever, large cost items like machinery must still be relicd on
forcign suppliers. It is hoped that, in the near future,
the National Engineecring standards will be developed
for use in industry. Only then, work simplification
ond evaluaticn could be carried cut effectively, sc¢ tnatl
follow -up of work prouress will be systematic. Furthcr-
ncre, it will be more ccnvenient for the eorporaticns in
ordering the foreign matcrinls according to the na-
ticnel standards.

e If the state enterprises can cnly operate
effectively as stated in the short term and leong term
eccnonic policy of the Burma Sccialist Prcgram Party,
especially such factors as, running the gtatc onterpri-
ses on commcrcial basis, introducing naterial inccntive
system or reward and punishnent systen; dclegeting the
rights and responsibilitics to supervisors, relying cn
the loecal nade natericls and equipments, organizing the
workers with the help of Pecples!' Workers' Ccuncil, the
application of CPM/PERT in projcct nmanagement is likely to
benefit in such an cnvirconnent.

If the statec onterprises arc to cperate

cffectively according to the poliey guide lines of the
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government, they should introduce CPM/PERT for systema-
tic project planning and control so that their objectives

will be fulfilled.

6.4 Minimum Conditions fer the Application of CPM PERT,

In applying CPM/PERT technique, the existing
environncntal factors of the Burmese industries must be
taken as constants, Factors such as incfficiency of the
organization,difficultics in the procure:ent system, lack
of qualified personnel and skilled workers, lack cf tcols
and equipments, have becen the major characteristics.

There have been no specific departments for
planning and control of projects in the Sinmalike Dock-
yard Cerporation. What is evident in 3.D.C. as in most
of the cases is lack of good management discipline, and
inadequate delegation of rosponsibility.

The recruitment and trainine pattern of the
S.D.C. still has to be ' coincided with the nced of the
organizaticn. Fer exanple, the personnel who are interest-
ed in shipbuilding should be recruited rather than the
persons whe jeined the S.D.C. as a stepring stone, to get
the jobs cf occan going seamen or technicians.

There have been difficulties alsc in the pro-
curenent systents Since the prices arc not stable, the

exact inflation rate is not available and it is difficult
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to estimate the required budget. Being a scarce resource
the arount cf the alloted budget is inadequate in most
cascs, and it causes delays in project implenentation.

As the prccess cf procuring raw materizcls
and machines is complicatcd.and time consuming, there have
been lack of machines and equipqgnts,fggt required quanti-
t& and quality cf raw materials are not available in tine.
Thus the amount of uncertainties is increased and there
have been repetition of work and wastcful delays during
the project implementation. In spite of these unfavour-
able conditions and uncertainties of the industrial envire-
nent,experimental application of CPM/PZRT at the S.D.C.
cculd be reckonced as suceessful. -

Thus, there arc some conditions for the succezs-
ful application of CPM/PERT if the abcve mentioned factors
are treated as constants, since they have been always domi-
nating the Burmese industrial envircmnent.

Attitudes of the tep nagnagement is important
before the applicaticn of CPM/PERT. Top management must
be well acquainted with CPM/PLRT techniqre and its capabi-
lities in saving time, resources and costs. Top Management
must also have a sense of systemati: scheduling and nust be
interested in the efficiency c¢f the organization. Without
the eager response and appreciation of the teop managonent,

the implcmentation of a planning system thrcugh CPM/PERT
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oculd nevef be successful.

The projects which are to be controlled and
monitored by CPM/PERT technique must be a one-time effort,
and where more uncertainties are enccuntered.

In applying CPM/PERT the detailed information
about the project must also be made available., Historical
information should also be gathered and documented. Infor-
mation regarding preparation and planning of the project
are, specification of machinery and equipment, raw materials
preparation of tenders, project activities according to sec-
lected levels of detail, activity scquential relationships,
methods of performing the project, durations, time schedules
and the like.

By using these information, the logic of strate-
gy already adopted can be revicwed and adjusted, and project
implementation network can be updated for further usc as a

control tool.
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